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1949-52 


REPORT OF THE HON. GENERAL SECRETARY FOR 1949 
Eight Ordinary meetings, the Annual, and the Anniversary meeting were held at La Rochelle, 
Camp Ground Road, Newlands, during the year, and the undermentioned papers were read: 


1. ‘Notes on the Whip-Scorpions (Pedipalpi) of South Africa’, by R. F. Lawrence. March 16, 1949. 

2. ‘On a Collection of Sessile Barnacles trom Knysna Estuary, South Africa’, by Naomi Millard. 
March 16, 1949. 

3. ‘A Mica-Lamprophyre from Moorreesburg, Cape Province’, by F. Walker. March 16, 1949. 

4. “The Placentation of Elephantulus’, by C. J. van der Horst. June 15, 1949. 

5. ‘Preliminary Experiments in Sea-floor Photography in South African Waters’, by C. von Bonde, 

6 


J. M. Marchand and S. G. Gibbons. August 17, 1949. 
. ‘A Note on the Vitrification of Karroo Sediment by Dolerite Intrusion’, by J. J. Frankel. September 

21, 1949. 

3. ‘Nauplius Longispinosus, a new Larval Form of Barnacle’, by E. E. Sandison (communicated by 
F. Walker). September 21, 1949. 

8. ‘Gaseous Equilibria at Constant Pressure’, by E. Newbery. October 19, 1949. 

g. ‘Craniometric Study of the Cape Coloured Population’, by J. A. Keen. November 16, 1949. 

o. ‘Buried Trees on the Cape Flats’, by R. S. Adamson and M. M. Currin. November 16, 1949. 


Eight lectures were given during the year on the following subjects: 
1. ‘The Beginnings of Human Speech and Thought’, by Sir Richard Paget. March 16, 1949. 
2. ‘Apes and Men’, by D. M. S. Watson, F.R.S. The lecture was illustrated by lantern slides. 
April 20, 1949. 
‘Oyster-farming in South Africa’, by S. H. Skaife. June 15, 1949. 
‘The Crawford Fossil Yellow-wood Tree’, by R. S. Adamson. June 15, 1949. 
‘Microseisms and Weather Systems’, by W. Schaffer. yd 17, 1949. 
‘Some Coming Problems in East Africa and Mauritius’, by L. W. Thornton White. The lecture 
was followed by a film. September 21, 1949. 
‘The Dynamics of the Middle Ear’, by R. Guelke. October 19, 1949. 
‘A Biological Survey of the Kosi Bay Estuary’, by G. J. Broekhuysen. November 16, 1949. 


Four films were shown: two describing methods of glass-making and the others showing the use 
of the microscope in science. 
Attendance has considerably improved. 


Sy 


GENERAL 


Wilfred John Copenhagen, O.4.E., V.R.D., F.R.I.C., and Johan Michael Latsky, M.Sc., Ph.D., 
were elected to Fellowship in 1949. 

The deaths of Dr. F. G. a B. A. Key, Captain G. C. Shortridge, M.C., and Professor R. B. 
Young were recorded with regret 

At the end of 1949 the number of Fellows was go, and there were 195 members, including 25 new 
members elected during the year. 
No Marloth Award was made this year. 
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The thanks of the Council are due to the Union Government for a grant of £400 for the year 
I 
Volume XXXII, parts 1 and 2 of the Society’s Transactions and its Year-book to June 30, 1949, were 
published during the year. 

A further sum of £92 2s. 6d. contributed during 1949 to the A. L. du Toit Memorial Fund brought 
the total raised by the Society up to £397 8s. 2d. (from which bank charges have to be deducted). 
The President appointed B. F. J. Schonland and E. Newbery as Vice-Presidents for 1949. 

At the end of 1949 there were 203 institutions on the Society’s exchange mailing list; new 
exchanges were arranged with the following: 
Director of Fisheries, Beach Road, Sea Point. 
Institut Scientifique de Madagascar, Tananarive. 
Mauritius Institute, Port Louis. 
American Museum of Natural History, New York. 
Académie Bulgare des Sciences, Sofia. 
Studia Botanica Cechoslovaca, Prague. 
Finnish Academy of Sciences, Helsinki. 
—_ das Missoes aficos, Portugal. 
nstitut de Biologia Aplicada, Barcelona. 
Jardin Botanico, Madrid. 
Matematisk-Naturvetenskapliga, Hogskola, Stockholm. 
Research Laboratory of Electronics, Chalmers University of Technology, Goteborg. 
An invitation to attend the Congress of the American Academy of Political and Social Sciences 
in Philadelphia was received. 
Dr. B. F. J. Schonland was asked to represent the Society at the Official Inauguration of the 
University of Natal. 
Prof. R. S. Adamson was appointed to the Board of Trustees of the South African Museum. 
Dr. R. F. Lawrence represented the Society at the meeting of the British Association in September, 
1949. 
949 of. R. S. Adamson was invited to represent the Society at the Botanical Congress in Stockholm 
in 1950. 
During 1949 321 periodicals and 33 books were issued from the Society’s Library. 
The Society gratefully acknowledges the receipt of a number of books and periodicals from 


various donors. 
A. J. H. Goopwin, 
Hon. General Se_retary. 


INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR JANUARY | TO 
DECEMBER 31, 1949 


EXPENDITURE awh | INCOME 


To Petty Cash Postages, etc. +e * 22 13 1 | By Subscriptions — 1942.. 100 
» Clerical Assistance de $5 0 0 — 1943.. 170 
» Rent and Insurance 1948 — 1945.. 
1949 .. 3618 0 Play — 1946.. 8 5 0 
— 1947.. 11 5 0 
» Printing of Minutes... 9 — 1948.. 8 
» Binding of Books oy oe 13 4 6 a — 1949., 172 9 4 
» Hire of Hall La Rochelle @ 0 223 6 4 
» Bank Charges .. a <6 311 1 ,, Life Fellowship Donations 1949 5510 0 
» Cost of Shelving 2517 4  ,, Entrance Fee 30 0 
» Printing of Year Book oe ; 40 7 6 __ ,, Sale of Publications and reprints 244 4 5 
» Interest as per contra .. “e S111 9  ,, Bank Commission on cheques 
received .. 29 0 
| 4, Secretary for Education Grant 400 0 0 
| 4» Interest Accrued: 
Post Office Bank a 
Cape of Good Hope Savings Po 
Standard Bank, Rondebosch. . a 
», Excess Expenditure over income 5 
£1,030 6 7 | £1,030 6 7 
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ASSETS AND LIABILITIES AT DECEMBER 31, 1949 


LIABILITIES ASSETS 


Marloth Memorial Fund: Post Office Savings Bank on current 
Capital account as at ae . 23810 0 Savings Account . 1,118 19 § 
Add interest for 1949. 600 Standard Bank, Rondebosch, on 
24410 0 5 Savings Account 813 0 
Life Fund Donations Account: Cape of Good _ Savings Bank 
Capital account as at 31/ pe 1s 0 on current Savings Account ae 7423 0 
Accrued interest—Cape of G Rand — uilding Society 
Hope Savings Bank for 24 311 F/Depos 100 0 0 
Accrued interest—Post Office United Building Society F/Deposit 100 0 0 
Savings Bank for 1949 Payments to A. L. du 
919 3 § neaum Trust ws 2 
Reserve for Publications .. 400 0 0 Less amount to credit 
Reserve for 400 0 0 31/12/48 305 0 
Capital Accou Donations received 1949 92 2 0 
Balance as 1/12/48 279 410 397 2 4 
interest—Post Office for 
194 23 11 Amount ove: 510 5 10 
Accrued interest Standard Bank Balance at ‘Ban | .. 17349 
for 1949 .. 2 4 Cash on hand 6 
is § 3 
302 18 2 
Less excess expenditure for year 
ended 1949 4 
279 13 1 | 
| 
£2,243 6 6 £2,243 6 6 
W. PUGH 


F. SEBBA } Audion. JOHN G. ROSE, Hon. Treas. 


COUNCIL FOR 1950 


President: R. W. James, M.A., B.Sc., F.1.P. 


Hon. General Secretary: A. J. H. Goodwin; Hon. Treasurer: J. G. Rose; Hon. Editor of Transactions: 
F. Walker; Hon. Librarian: E. Newbery; Other Members of Council: W. F. Barker, E. Batson, J. Jackson, 
W. Pugh, D. L. Scholtz, J. L. B. Smith, W. J. Talbot, C. J. van der Horst, C. L. Wicht. 


REPORT OF THE HON. GENERAL SECRETARY FOR 1950 


Eight Ordinary meetings, the Annual and the Anniversary meeting were held at The Athenaeum, 
154 Camp Ground Road, Newlands, during the year, and the following papers were read: 
1. ‘The Ecology of South African Estuaries’, by J. H. Day. March 15, 1950. 
. ‘The Structural Features and Inclusions of the Cape Peninsula Granite’, by C. Boocock (com- 
municated by M. Mathias on behalf of F. Walker). March 15, 1950. 
3. ‘A Review of Two Books by Professor Hofman’, by C. Y. Pauc (communicated by R. W. James). 
March 15, 1950. 
4. ‘A Fossil Lamellibranch from the Middle Ecca Beds in the Klip River Coalfield near Dundee, 
Natal’, by M. H. P. Rilett. March 15, 1950. 
3: ‘A Coin of Pisa’, by S. Davis (communicated by C. van Riet Lowe). March 15, 1950. 
7 
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. ‘The Geology of the Makapan and Other Caves’, by L. C. King. April 19, 1950. 

. ‘On the Genus Lystrosaurus Cope’, by A. S. Brink (communicated by C. J. van der Horst). 
April 19, 1950. 

. ‘Some Beads from Awka’, by M. D. W. Jeffreys. April 19, 1950. 

. ‘Studies of South African 'Syrphid Flies’, by F. M. Hull (communicated by A. J. Hesse). May 17, 


1950. 

10. cv Echinoderms from South Africa’, by A. M. Clark (communicated by J. H. Day). May 17, 
1950. 

11. ‘A New Species of Crinoid Genus Cyclometra from South Africa’, by A. H. Clark, with an additional 
note by A. M. Clark (communicated by J. H. Day). May 17, 1950. 

12. ‘Notes on a Small Collection of Mysids from Estuarine Waters of South Africa’, by O. S. Tattersall 
(communicated by J. H. Day). June 21, 1950. 

13. ‘The Evolution of the Middle Ugab Valley, Damaraland, South-West Africa’, by J. A. Mabbutt. 
June 21, 1950. 
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14. ‘An Ecological Survey of the Klein River Estuary, Hermanus’, by K. M. F. Scott, A. D. Harrison 
and W. Macnae. August 16, 1950. 

15. ‘A New Aorid Amphipod from the Klein River Estuary’, by K. H. Barnard (communicated by 
J. H. Day). August 16, 1950. 

16. ‘Standardization of Cranial Capacity Measurement’, by J. A. Keen. September 20, 1950. 

17. “The Origin and Development of the Embryo Sac and bay Embryo of Loranthus 
marginatus Engler’, by R. de V. Pienaar (communicated by R. S. Adamson). September 20, 


1950. 
18. ‘Contribution to the Factorization of 2?-1, p being a prime number’, by C. Pijper. October 18, 


1950. 
19. ‘The Microscopical Examination of Plankton Collections while at Sea’, by S. G. Gibbons. 

October 18, 1950. 

20. ‘A Statistical Study of the Changes in Body Measurements of Physical Training Students at the 

University of Stellenbosch after Two Years’ Physical Training’, by C. S. Grobbelaar. November 

I 5) 
2t. ‘Chesucal and Physical Properties of Some South African Agars and Agaroids’, by H. A. Joubert 
(communicated by E. Newbery). November 15, 1950. 

Five lectures were given during the year: 

“Tailoring Molecules to Nature’s Pattern’, by F. G. Holliman. April 19, 1950. 

‘Drowned Ancient Islands of the Pacific Basin’, by H. H. Hess. June 21, 1950. 

‘On Estuarine Birds’, illustrated by colour slides, by G. J. Broekhuysen. August 16, 1950. 

‘The Place of Chemistry in Archaeology’, by A. J. H. Goodwin. October 18, + 195 

‘Libraries in the Service of Science in Europe and U.S.A. To-day’, by R. F. M. Immelman. 
November 15, 1950. 

A colour film, “The Dark Empire’: A study of totalitarianism among insects was shown by 
S. H. Skaife. 

Dr. Bart J. Bok, of Harvard Observatory, spoke on his projected work at Bloemfontein on ‘The 
Milky Way’, and there was an open discussion on ‘Some advantages and disadvantages of the metric 
system as applied i in sciences’, introduced by A. J. H. Goodwin. 

The attendance at meetings has improved very considerably since meetings have been held 
at the Anthenaeum, and discussion has increased. 

GENERAL 

Guy Whateley Bond, D.Sc., M.S. Afr. Chem. Inst., John Day, D.F.C., B.Sc., Ph.D., Guy Aber- 
crombie Elliott, O.B.E., M.D., F.R.C.P., and Lester King, Ph.D., D.Sc., F.G.S., were elected to 
Fellowship in 1950. 

The deaths of Field-Marshal the Rt. Hon. J. C. Smuts, a Fellow of the Society of long greeny 
Professors H. A. Reyburn and J. S. van der Lingen, and Dr. J. I. Quin, were recorded with regret. 

At the end of 1950 the number of Fellows was 92, and there were 195 members, including 11 new 
members elected during the year. 

The Marloth Award was made to Professor E. Newbery for his paper ‘Gaseous Equilibria at 
Constant Pressure’. 

Volume XXXII, parts 3, 4 and 5 of the Society’s Transactions were published during the year. 
Chapter IV, paragraphs 1 and 2 of the existing Statutes were amended. 

At the end of 1950 there were 210 institutions on the Society’s exchange mailing list, including 
new exchanges arranged with: 

K. Danske Videnskabernes Selskab, Copenhagen. 

Societas Zoologica Botanica Fennica ‘Vanamo’, Helsinki. 

‘Science Abstracts’, Institution of Electrical Engineers, London. 

Ethnographical Institute, Pazmany Peter University, Budapest. 

Auckland Institute and Museum, New Zealand. 

Muzeum Ziemi, Warsaw. 

Technical Information Division, U.S. Atomic Energy Commission, Tennessee. 

During 1950 301 periodicals and 56 books were issued from the Society’s library. 

The thanks of the Council are due to the Secretary for Education, Arts and Science, Union of 
South Africa, for a grant of £400 for the year 1949-50, and to the University of the Witwatersrand 
and the University of Cape Town for grants in aid of publication, as well as to Drs. E. Roux and 
L. C. King for donations towards the costs of the publication of papers by them. 

Invitations to send representatives to meetings and serve on committees were received from the 
Advisory Council for National Parks and Nature Reserves; the American Academy of Political and 
Social Science; the International Anatomical Congress, Oxford; the International Congress of 
Mathematicians, Cambridge, Mass.; the British Association for the Advancement of Science, 
Birmingham; the Deutsche Akademie, Berlin; the South African Science Association, Salisbury; 
the Royal Society of New Zealand. Professor R. S. Adamson represented the Society at the Inter- 
national Botanical Congress at Stockholm. 

Council gratefully acknowledges the receipt of a number of books and periodicals from various 
donors. 


A. J. H. Goopwin, Hon. General Secretary. 
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INCOME AND EXPENDITURE ACCOUNT FOR THE YEAK JANUARY | TO 
DECEMBER 31, 1950 


EXPENDITURE INCOME 
To Petty Cash 00 By Subscriptions — 1947 2a 3 
» Stationery 42 6 6 — 1949 13 0 0 
ie Printing of Minutes as 26 0 6 oa i> — 1950 193 2 3 
in)... 6 1 6 — 230 14 6 
Libr: 6 0 » Life Fellowship Donations 1950... a3 8 
Mrs. Mathias Geology Department, » Entrance Fees . 
U.C.T we 6 0 0 » Sale of Publications | and Reprints, 
» Hire of ‘Hall La Rochelle 6 etc. : 
» Rent and Insurance 1950... 36 18 O Broom Volumes . a 2.7 
» Neill & Co.—Printing and Distribu- Transactions of Society 6314 4 
tion of Publications 145 0 4 of a, 
Bank Charges 432 Wicht’s Re 118 
» Interest as per Contra Capitalized | 61 0 9 Reprints o' various Publications 3 2 7 
—~ 116 410 
King 
. C. Ki os 2 0 
E. R. Roux . 
of Cape Town .. 
-T. Council .. 108 0 0 
for Education .. 400 0 0 
University of the Witwatersrand .. 300 0 0 
— 939 7 
» Interest Accrued: 
Post Savings Bank 
Cape of Good es Savin Bank 25 19 § 
Standard Bank, Rondebosc oa 24 
Rand Prov.—Int. F/D/ £100 
United Building Society do. 
—_— 61 0 9 
» Excess Expenditure over Income... 3 
£1,406 16 9 £1,406 16 9 
N. SAPEIKA 
W. SCOPENHAGEN } Auditors. JOHN G. ROSE, Hon. Treas. 
ASSETS AND LIABILITIES AT DECEMBER 31, 1950 
LIABILITIES ASSETS 
Saat sh a. & 
Marloth Memorial Fund: Post Office Savings Bank on 
Capi 10 Current Savings Account 1,146 18 § 
1950 0 Standard Bank, Rondebosch 815 4 
— st 10 0 Cape of Good Hope Savi Bank 
Life Fund Donations Account: unt Nos. 86509 79467 768 2 5 
Capital Account at 4 a 3 Rat Building 
Accrued interest y of 103 10 0 
Hope Savings Bank for 1950 .. 25 19 § use nildin Society do. 103 10 O 
interest Post Office A. L. du Toit st bY yment) § 10 
Savings Bank for 1950 .. Balance at Bank 3 146 2 4 
————- 949 11 4 Cash on Hand ue 6 
Reserve for Publications 400 0 146 2 10 
Capital A 
interest Post Office 1950 23 10 6 
Accrued interest Standard Bank 
1950 24 
303: 11 
Less Excess Expenditure for 1950 .. 27 2 5 
27%6 3 6 | 
£2,277 410 — £2,277 410 
N. SAP 


W. J COPENHAGEN } Auditors. JOHN G. ROSE, Hon. Treas. 


Vv 


+, 
on 
(= 
ode 
or 


COUNCIL FOR 1951 


President: R. W. James, M.A., B.Sc., F.I.P. 


Hon. Secretary: W. J. Talbot; Hon. Treasurer: N. Sapeika; Acting Hon. Editor of Transactions: A. M. 
Talbot; Hon. Librarian: E. Newbery; Other Members of Council: J. H. O. Day, W. E. Isaac, W. Pugh, 
D. L. Scholtz, S. H. Skaife, J. L. B. Smith, C. J. van der Horst, F. Walker, C. L. Wicht. 


REPORT OF THE HON. GENERAL SECRETARY FOR 1951 


Eight Ordinary meetings, the Anniversary meeting, and the Annual meeting were held at The 
Athenaeum, 154 Camp Ground Road, Newlands, during the year. The following papers were read: 


1. “The Ecology of South African Estuaries’, part 3: Knysna, by J. H. O. Day, N. A. H. Millard and 
A. D. Harrison. March 21, 1951. 

. ‘Lobolo is Child Price’, by M. D. W. Jeffreys. March 21, 1951. 

‘Observations and Experiments on Fouling Organisms in Table Bay Harbour’, by N. A. H. 

Millard. March 21, 1951. 

‘The Identification of the Nauplii of some South African Barnacles’, by E. E. Sandison (com- 

municated by J. H. O. Day). March 21, 1951. 

“The Life History of Phasis Zeuxo Zeuxo Lepidoptera-Lycaenidae’, by C. G. Dickson. March 21, 


1951. 
‘Barly History of the Cape Mountain Zebra’, by R. Bigalke. April 18, 1951. 
‘The Geology of the Cango Caves, Oudtshoorn, C.P.’, by Lester King. April 18, 1951. 
‘On the Whaitsiidae, a Family of Therocephalian Mammal-like Reptiles’, by A. S. Brink (com- 
municated by C. J. van der Horst). May 16, 1951. 
‘Cape Hangklip, a Study in Coastal Geomorphology’, by J. A. Mabbutt. May 16, 1951. 
. ‘Contribution a la Connaissance des Holothuries de l’Afrique du Sud’, by Gustave Cherbonnier 
(communicated by J. H. O. Day). August 8, 1951. 
. ‘The Euphausiid Crustaceans of Southern African Waters’, by B. P. Boden (communicated by 
J. H. O. Day). August 8, 1951. 
12. ‘The Physiography and Archaeology of an Area adjoining the Cape of Good Hope’, by J. A. 
Mabbutt. October 17, 1951. 
13. ‘A Fourth Factor of 2'—1’, by C. Pijper. November 21, 1951. 
14. ‘Residual Currents’, by E. Newbery. November 21, 1951. 
15. ‘The Ecology of South African Estuaries, Part 4: The St. Lucia System’, by J. H. O. Day, N. A. H. 
Millard and G. J. Broekhuysen. November 21, 1951. 
16. ‘The Ecology of South African Estuaries, Part 5: Richard’s Bay’, by N. A. H. Millard and A. D. 
Harrison. November 21, 1951. 


The following lectures were delivered: 


1. “The International Gravity Network’, by A. L. Hales. April 18, 1951. 

2. ‘Current Research in Organic Chemistry at some British Universities’, by M. Lamchen. May 
16, 1951. 

‘Nerve Conduction’, by B. J. Krijgsman. June 20, 1951. 

‘The Freshwater Fisheries of Northern Rhodesia’, by S. H. Skaife. August 8, 1951. 

. ‘Recent Views on the Functions of the Lymphatic System’, by G. v. d. W. de Kock. September 


19: 1951. 
‘Granite and Basalt’, by H. H. Read. October 17, 1951. 


A film, ‘Explosions in the Sun’, was screened at the May meeting. 

In April a Special Joint Meeting with the South African Astronomical Society was held in com- 
memoration of the bi-centenary of the arrival at the Cape of the Abbé Nicolas Louis de la Caille. 

In October a Special Joint Meeting with the South African Archaeological Society was addressed 
by the Rev. Father Teilhard de Chardin. The Society also co-operated with the Association of 
Scientific Workers of Southern Africa in the organization of a symposium on Rodents. 

Thirteen new members were elected during the year. 

Gilles v. d. W. de Kock (nominated by Council under Section 8, Chapter III of the Statutes), 
Wilhelm Jan Litjeharms, Arie Poldervaart and Richard Hugh Stoy were elected Fellows. 

The deaths of Professor Lawrence Crawford, a Foundation Fellow of the Society and President 
from 1936 to 1941, of Dr. Robert Broom, an Honorary Fellow of the Society, of Professor C. J. van der 
Horst, a member of Council, and of Mr. C. M. Stewart, a Fellow of the Society, are recorded with 


regret. 
At the end of 1951 the number of Fellows was go and the number of members was 193. 
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Volume XXXII, Part 1, of the Transactions was issued during the year. Owing to delays involved 
in printing the Transactions, arrangements were made for the printing of Volume XXXIV to be 
undertaken by another printer, pending the completion of Volume XXXIII by the usual printers. 

No Marloth Award was made in 1951. 

The Council wishes to record its appreciation of grants of £50 16s. 6d. from the University of the 
Witwatersrand towards the costs of publication of papers by members of its staff, and of £207 from the 
= for Scientific and fem Research towards the cost of publication of a paper by C. J. van 
der Horst. 

At the end of my ed number of copyright libraries and of institutions regularly exchanging 
publications with th iety was 226. New exchanges were arranged with 10 institutions during the 
year, and exchanges interrupted by the war were re-established with 4 other institutions. 

The thanks of the Council are due to the Secretary for Education, Arts and Science for a grant of 
£400 for the year 1950-51. 

Invitations were received to send representatives to the following: 

Institutions of Civil, Mechanical and Electrical Engineers, Joint Conference, London, June, 1951. 

Second International Gerontological Congress, St. Louis, September, 1951. 

I] Congreso Internacional Veterinario de Zootecnia, Madrid, October, 1951. 

University of Chicago, Inauguration of Chancellor, October, 1951. 

Professor R. S. Adamson represented the Society at the International Botanical Congress at 
Stockholm in July, 1950. 

Py 5 ay and F. Walker were appointed delegates to represent the Society at meetings of the 
South African National Section of the International Committee for Bird Preservation. 

During 1951 339 periodicals and 58 books were issued from the Society’s library. 

The Society gratefully sokneataliges the receipt of a number of books and periodicals from 
various donors. 


W. J. Tacsor 
Hon. Gen. Secretary. 


INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR JANUARY 1 TO 
DECEMBER 31, 1951 


EXPENDITURE INCOME 


| 
To Petty Cash 5 . 20 00 By Subscriptions —1945-6 0 6 
» Clerical Assistance — 1948 11 O 
» Stationery $% 9 — 1949 3 00 
» Library rent and insurance, 1951 318 — 1952 00 
» Neill & Co. — Printing and Distri- | ——— 231 8 
bution of Transactions . S11 3 1 | Life Fellowship Donation, 1951 11 0 6 
» Chivers Ltd., Binding . ‘os », Entrance Fees . ae 15 0 
fs ‘= of wreaths 211 6 » Sale of Publications and reprints: 
a. Good Hope Savings Bank Transactions of the Society -. 821111 
(Deposit Life Fund 11 0 6 Broom Volumes... 
Bank charges .. 4 Wicht Reports 
Interest as per contra capitalized Reproductions 38 is 18 0 
. Surplus income ee 107 14 10 
Grants: 
| y for E -- 400 0 
C.S.LR. 207 0 0 
University of the Witwatersrand .. 5016 6 
657 16 6 
| » Interest Accrued: 
Post Office Savings Bank . 28 13 0 
Cape of Good Hope Savings Bank 26 16 11 
Standard Bank, Rondebosc 310 
| Rand Provident Building Society. 
| Interest F/D. 12 1 
Society. “Interest 
| F/D. 
62 18. 3 
£1,085 14 9 i £1,085 14 9 
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ASSETS AND LIABILITIES AT DECEMBER 31, 1951 
ASSETS 
Capital as at 251 10 O Savings Accoun 1,175 11 $ 
Interest, 1951 7 4 Standard Bank, deel’ 819 2 
258 14 6 | Cape of Good’ Hope Sa’ 
Life Fund Donations Account: a/c No. 86509 5 hone Fund) a/c 
Capital account at 31/12/50 .. 949 11 4 No. 79467 (Life Fund) .. 805 19 10 
Amount deposited «= oe 6 Rand Provident Building Society. 
Accrued interest Cape o f Good F/Deposit .. 
Hope Savings Bank for 1951 26 16 11 United Building Society. F/Deposit 107 2 5 
AS Bank fe 198 410 3 A. du Toit Fund ( welt t 
avings Bank for | lu Toit named 5 10 
991 10 0 at Bank 333 11 8 
Reserve for Publications .. 400 0 0 Cash on hand 
Reserve for Binding ee 400 0 0 333 12 2 
Capital Account: 
lance as at 31/12/50 .. 
Accrued interest Post Office, 1951 24 2 9 
Accrued interest Standard Bank, 
300 10 1 
Add Surplus income for 1951 187 9 4 
487 19 5 
£2,538 12 11 £2,538 12 11 
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COUNCIL FOR 1952 


President: R. W. James, M.A., B.Sc., F.1.P. 


Hon. Secretary: W. J. Talbot; Hon. Treasurer: N. Sapeika; Acting Hon. Editor of Transactions: A. M. 
Talbot; Hon. Librarian: E. Newbery: Other Members of Council: D. Burnett, W. E. Isaac, W. J. Liitje- 
harms, WwW. Pugh, D. L. Scholtz, S. H. Skaife, R. H. Stoy, C. van Riet Lowe, F. Walker. 


REPORT OF THE HON. GENERAL SECRETARY FOR 1952 

The Anniversary meeting, the Annual meeting, and eight Ordinary meetings were held during 
the year at The Athenaeum, 1 4.0 amp Ground Road, Newlands. 

The Presidential Address “The Study of Crystals by means of X-rays: a survey of forty years’ 
development’, was delivered by Professor R. W. James at the March meeting. Other papers read 
during the year were: 

1. ‘Climatic Fluctuations in the Middle Stone Age of South Africa as revealed by Mwulu’s Cave’, 
by P. V. Tobias. March 19, 1952. 
‘Leptomonas sp. from the Digestive Tract of Cenaeus carnifex (Hemiptera) with special reference to 
the Metacyclic Forms’, by A. J. Gibbs (communicated by S. H. Skaife). March 19, 1952. 
‘The Black-mound Termites of the Cape, Amitermes atlanticus Fuller’, by S. H. Skaife. April 16, 


1952. 

‘Two Multicellular Motile Green Algae, Volvulina Playfair and Astrephomene, a new Genus’, by 
M. A. Pocock. May 21, 1952. 

‘Notes on Digestion in Coelenterates’, by B. J. Krijgsman and F. H. bagee May 21, 1952. 
‘Note on the Tadpole of Rana albolabris’, by J. H. Power. September 17, 1 

‘Note sur deux huitres quaternaires et actuelles d’ Afrique du Sud: Ostrea De Bullen Newton 
et Gryphaea margaritacea’, by G. Ranson (communicated ed: H. Day). September 17, 1952. 
‘A long-term Study of Rainfall on the Natal Coast’ , by B. E. Beater. tember 17, 1952 


Three lectures were delivered before the Society: 
1. ‘Modern Discoveries in Photo-synthesis’, by K. H. Schiitte. June 18, 1952. 


‘Protein Malnutrition in Central Africa’, by J. F. Brock. August 20, 1952. 
‘Poly-electrolytes’, by R. Arnold. October 15, 1952. 
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Two full-length films, lent to the Society by the University of Cape Town Department of 
Chemistry, were shown: 

1. ‘Copper Mining in Northern Rhodesia.’ 
2. ‘Copper Smelting.’ 

The Ordinary meeting in October, addressed by Dr. Arnold, was held as a joint meeting of the 
Society with the South African Chemical Institute and the Cape Chemical and Technological Society. 

Ronald Elsdon-Dew, M.B., Ch.B. (Edin.), M.D. (Wits.), was elected to Fellowship in 1952 in 
recognition of his outstanding work in parasitology and in the application of blood-grouping to 
African ethnology. 

The death of Professor B. de St. Jean van der Riet, formerly Professor of Chemistry at the Univer- 
sity of Stellenbosch, a member of the Society since 1896, a Fellow since 1912, and for many years a 
member of Council, and the death of Dr. J. Walker, a member since 1913, are recorded with deep 
regret. 

At the end of 1952 the number of Fellows was 88, and there were 192 members, including 7 new 
members elected during the year. 

The Seventy-fifth Anniversary of the founding of the Society in 1877 as the South African 
Philosophical Society was celebrated on July oth at a dinner held in the Civil Service Club, Cape 
Town. The President of the Suid-Afrikaanse Akademie vir Wetenskap en Kuns, and the President, 
Vice-Presidents, and the Presidents of Sections of the South African Association for the Advancement 
of Science attended as guests of the Council and Fellows of the Society, together with a number of 
distinguished overseas scientists (including Sir Edward Salisbury, Secretary of the Royal Society) 
invited as official guests of the Association to its Fiftieth Anniversary Meetings. 

The Council wishes to express the thanks of the Society to the Secretary for Education, Arts and 
Science for a grant of £400 for the year 1951-2 and to the Universities of Cape ‘Town, Natal and the 
Witwatersrand, to the Council for Scientific and Industrial Research, and to an anonymous donor for 
grants towards the cost of publication of papers communicated to the Society. In addition, the Council 
wishes to express the Society’s gratitude to the Council for Scientific and Industrial Research for a 
grant of £500 towards the costs of preparing and publishing a complete Index to the Transactions of 
the South Africa Philosophical Society and of the Royal Society of South Africa. 

Cordial thanks are also due to an anonymous donor for a gift of £100 to mark the Seventy-fifth 
Anniversary of the Society and to serve as the nucleus of a fund to be known as the President’s Fund. 
The purpose of the Fund is to serve as a memorial to all past Presidents of the Society and it is hoped 
that gifts from and in memory of Presidents of the Society will be added thereto from time to time. 
The capital sum is to be invested permanently and income to the extent of 1 per cent of the accumu- 
lating capital is to be added to the capital annually. The remaining income is to be applied by the 
President at his discretion to entertainment on behalf of and in the name of the Society. 

Invitations to send representatives to meetings and to serve on boards were received from the 
Advisory Council for National Parks and Nature Reserves, the South African Museum, the Eighth 
International Congress on Theoretical and Applied Mechanics at Istanbul, the International Congress 
of Anthropological and Ethnological Science at Vienna, the III QOsterreichischen Mathemetiker- 
kongress at Salzburg, the XIe Congres International de Philosophie at Brussels, the XXXV Congreso 
Eucaristico Internacional at Barcelona, the International Geological Congress at Algiers and the 
British Association for the Advancement of Science at Belfast. 

Professor R. S. Adamson was nominated as the Society’s representative on the Board of the South 
African Museum, and Dr. S. H. Skaife represented the Society at the Belfast meetings of the British 
Association. Dr. A. Poldervaart represented the Society at the Sesquicentennial celebrations of the 
United States Military Academy at West Point. Dr. P. J. du Toit and Professor R. H. Compton, the 
Society’s nominees, were re-appointed to the Scientific Advisory Council for National Parks and 
Nature Reserves. 

The privileges of honorary membership of the South African Association for the Advancement of 
Science were extended to the many members of the Society who attended the Annual meetings of the 
Association in Cape Town in July, a courtesy warmly appreciated by all who participated. 

Volume XXXIII, parts 2, 3 and 4 of the Society’s Transactions were published during 1952. 

New exchanges were arranged with 6 institutions during the year, and exchanges interrupted by 
the war were re-established with 4 other institutions. The total number of institutions on the Society's 
mailing list at the end of 1952 was 281 (including 19 annual subscribers and 25 standing orders). 

From the Society’s library 292 periodicals and 61 books were issued during the year. 

The Council gratefully acknowledges the receipt of a number of books and periodicals from 
various donors. 

W. J. TALsor 
Hon. Gen. Secretary. 
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INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR JANUARY 1 TO 


DECEMBER 31, 1952 
EXPENDITURE INCOME 
£ »s. d. ahi 

To Petty Cash 4 By Subscriptions — 1953 
» Clerical 60 0 0 — 1952 3 
Stationery 1417 6 — 41951 

Hire of Hall, La Rochelle 33 0 — 1949 6 
» United Building Society (President's — 1948 

Fund) 100 0 0 1687 1 0 6 

Dept. 118 6 — 240 10 4 
U.C.T. Film Unit » Entrance fees . 5 00 
,. Library Rent and Insurance 1952 Ta 2 a, » Sale of Publications and Reprints: 

.. Cost of wreath . ; ii 6 Transactions of the Society 17 4 1 
75th Anniversary Dinner Broom Commemorative volume .. 14 10 5 
Transvaal Museum Publications 316 6 Reproductions 9 6 

» Neill & Co.—Printing and distribution 4 

of Transactions: Vol. 33, pt. | (100 » Grants: 
extra copies), and parts 2,3 and 4 1,651 i for . 400 0 0 
» Swedish Botanical Journal (General C.S.LR. . 2000 0 0 
Index). . re 18 3 CS.LR. (for ‘Index) . 50 0 0 
» Grant from C.S.LR. (for Index) University of Cape Town .. 197 18 0 
reserved son 0 University of Natal. 
+ Interest as per contra capitalized 6S 4 University of the Witwatersrand... 14 0 0 
» Bank charges .. ve Anonymous . .. 1616 0 
1,366 4 0 
accrued 
Office Savings Bank .. 29 7 6 
of Good Hope Bank 28 3 5 
Standard Bank, Rondebosc 3 10 
Rand Provident Building Society. 
Interest F/Deposit 31411 
United Building Interest 
Deposit ; 289 8 
| 65 4 8 
| ,, Anonymous contribution to Presi- 
| dent's F 100 0 0 
.. Contributions to 75th Anniv. Dinner 
» Contributions to 
| und 3 
| 4, Excess Expenditure over Income 599 1 4 
£2,556 8 7 £2,556 8 7 
ASSETS AND LIABIL winless AT DECEMBER 31, 1952 
LIABILITIES ASSETS 

Marloth Memorial Fun Post Office Savings arama 
Capital a/c at 31/ rT. : 14 6 Savings Account . 1,204 18 11 
Interest, 1952... 911 Bank, Rondebosch 9 0 

266 4 5 of Good Hope Savings Bank: 

Life Fund Donations No. 86509 Fund) 3 
Capital a/c at 31/12/5 . 99119 0 Aic No. 79467 (Life Fund) “ 332 19 0 
Accrued interest Cape of Rand Provident Building Society 

Hope Savings Bank for 1952 28 3 § F/Deposit 11017 0 
Accrued interest Post United Building Society F/Deposit 110 17 5 
Savings Bank for 1952 #92 0 221 14 
————_— 1,024 14 § United Building 
President's Fund 100 0 0 (President's Fund 00 
es for for publication and binding 800 0 0 Balance at Bank 31/ 1ays2 234 10 4 
to alc Cashonhand.. 
.. 50 0 0 234 10 10 
——+— 300 0 0 

Reserve for publication of Index to Note. —The above-mentioned assets 
Transactions C.S.1.R. Grant 500 0 0 do not include the value of the 

Capital Account: Library and publications of the 

lance at 31/12/51 487 19 § Society held in stock. 
Accrued interest Post Office, 1952 24 15 6 
Accrued interest Standard Bank, 
310 
$12 18 9 
Amounts transferred from Publica- 
tions reserve (see above) .. 50 0 0 
1,012 18 9 
Less Excess Expenditure, 1952.. 599 1 4 
41317 § 
Less amount irrecoverable re A 
L. du Toit Fund (overpayment) 5 10 
413 7 
£2,604 10 5 £2,604 10 § 
H. ZWARENSTEIN 


W. J. COPENHAGEN 
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N. SAPEIKA, Hon. ‘rem. 
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Cape Times Ltd. 


JAN CHRISTIAN SMUTS 
Fellow of the Royal Society of South Africa, 1932-50 
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OBITUARIES 


HENRY GEORGES FOURCADE 


Henry Georges Fourcade was born and educated at Bordeaux in France. He 
came to South Africa in 1880 and, after qualifying as a Government land surveyor, 
joined the Forest Department of Cape Colony in 1882. He was soon afterwards 
placed in charge of the George and western Knysna forests. In 1889 he was seconded 
to report on the forests of Natal, work which was carried out with characteristic 
thoroughness and ability. In 1890 he returned to Cape Colony where he was 
mainly engaged in secondary triangulation and topographical surveys. He resigned 
from the Public Service in 1904. 

Later, on his own initiative, he carried out the first secondary triangulation of 
the Cape Province. The difficulties encountered in the survey of mountainous 
country provided the stimulus which led him to devise the stereoscopic method of 
photographic surveying, a method now used generally in mapping such areas. 
More recently he applied the stereoscopic principle to a method of surveying from 
the air. In this connection he invented the Fourcade Stereogoniometer which was 
successfully tested by the Air Survey Committee of the British War Office. For this 
important work he received the formal thanks of the British Army Council, an 
honour accorded to few and hardly ever to a civilian. 

In his leisure time he collected and studied plants in the divisions of George, 
Knysna, Humansdorp and Uniondale, discovering many new species. In the 
course of this work he built up an excellent herbarium which he bequeathed to the 
Bolus Herbarium in the University of Cape Town. 

He was the author of a large number of papers, most of them dealing with 
various aspects of surveying. Towards the end of his life he also published botanical 
papers embodying the results of his researches on the flora of the districts with which 
he was familiar. 

In 1930 the University of Cape Town made him an honorary doctor of science 
while a similar honour was accorded him by the University of South Africa in 1947. 
He became a member of the South African Philosophical Society in 1901 and was 
elected a Fellow of the Royal Society of South Africa in 1927. Many of his papers 
appeared in the Transactions of the South African Philosophical Society and later 
in the Transactions of the Royal Society of South Africa. 

Dr. Fourcade, who was a bachelor, died at his home at Witte Els Bosch on 
January 19, 1948. 


* * * 


ALEXANDER OGG 


For over forty years Alexander Ogg, who died on February 23, 1948, at the age 
of seventy-nine, had been by common consent the much-loved leader in his subject 
of Physics in South Africa. He was a Fellow of long standing and held the offices of 
Secretary and President of the Society. A Scotsman by birth, he graduated at the 
University of Aberdeen under Professor Niven and afterwards obtained his doctorate 
as a research student under Nernst in Gottingen. His interest in thermodynamics 
arose during this period and led to his well-known English translation of Planck’s 
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classic work on the subject. After this, he was for a time a lecturer at Aberdeen 
which he left to become Professor of Physics at the Royal Naval College. In 1907 he 
migrated to South Africa to be the first occupant of the Chair of Physics at Rhodes 
University College, Grahamstown. In so doing he became by no means the least 
illustrious of that band of great Scottish teachers who have contributed so much to 
South Africa. 

Ogg’s new department at Rhodes College was housed in part of the old military 
barracks and bore the inscription ‘Sergeants’ Mess’ over its door. He set to work 
with great vigour and in the face of many difficulties to convert it with his own hands 
into a physics laboratory which would be not only the best in the country but would 
bear comparison with any overseas. He soon became acknowledged as an inspiring 
teacher and attracted to his Honours courses the best brains of the College whether 
they intended to become physicists or not. Year after year, in regular succession, 
the senior overseas scientific scholarship in the Union was won by one of Ogg’s 
students, all of whom to-day occupy leading positions in the life of the country. 

In 1919, after assisting Sir William Bragg for a time in England in military 
research, he moved to Johannesburg, where he was acting principal, and in 1921 to 
the University of Cape Town, where he remained until his retirement in 1935. 
When the University of Cape Town moved to Groote Schuur he planned and fitted 
up the new De Beers Physical Laboratories, devoting his spare time to making them 
an outstanding monument to his wide experience and skill. 

During his time in Cape Town, Ogg became interested in terrestrial magnetism 
and when he retired from university life at the age of sixty-five he began a new one 
as Director of the Government Magnetic Observatory, Hermanus, which again he 
planned and fitted up himself. Under his direction the Observatory has become 
well known internationally not only for its observations, which are considered to be 
among the most accurate in the world, but also for Ogg’s papers on ‘K’ indices of 
magnetic disturbance. He retired from the Directorship in 1946 but maintained an 
active interest in it, as in all physical research in the Union, up to the time of his 
death. 

The high standing of the subject of Physics in South Africa is very largely due 
to Ogg’s own high standards as a teacher and examiner. His students have become 
members of the staff of practically every university in the country and his scholarly 
influence remains imprinted on both schools and universities. His time and energy, 
particularly in his early period, were so fully occupied with building up his depart- 
ments that he had little available for research, though some valuable work on X-ray 
diffraction and crystal structure was done by him in Cape Town. 

As a man he will be remembered for his kindliness and humour, his strict 
sense of justice and the great personal interest he took in his students. He always 
exercised an important influence on university affairs, an influence which was all 
the more effective because of his unassuming integrity. He leaves two daughters, 
his wife having died in 1938. 


* 


ALEXANDER LOGIE DU TOIT 


Alexander Logie du Toit who died at Pinelands on February 25, 1948, after a 
brief illness was President-elect of the Society. 

In any country with a relatively small population the passing of a distinguished 
scientist must always leave a gap, but the sudden death of Dr. du Toit, in his 
seventieth year, means a quite inestimable loss to the scientific life of the Union. 
Not only was he one of the really great field geologists of the present century, 
honoured in every continent, but also a creative genius, whose brain teemed with 
ideas, which illuminated all branches of natural science. His name is perhaps most 
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closely linked with the theory of Continental Drift, of which he was a powerful and 
convincing advocate, particularly as he combined complete scientific integrity with 
an extremely broad and objective outlook. Everybody with whom he came into 
contact was stimulated by him, and he took particular pains to see that these con- 
tacts were many. Geologists from all over the world are in his debt, for never was a 
man more generous in putting his unique services as guide at the disposal of all who 
desired to see the geological phenomena of the Union. His kindly help to students 
taking their first steps in original investigation was of the most practical and valuable 
kind, and will long be remembered with gratitude, while on a par was his aid to the 
learned societies of the Union—in particular the Royal Society and the Geological 
Society. 

His career is too well known to need repetition. One of the great pioneer 
geologists of the Union, he was responsible for the surveying of vast areas in the days 
of difficult transport, and the resulting maps will ever remain as testimony to his 
wonderful eye for geological structure. His work in the Irrigation Department has 
earned him lasting gratitude of the farming community, but it was perhaps in his 
publications that his genius was most apparent. All his enthusiasm and vast know- 
ledge came through in the written word and secured for him the admiration, if not 
always the agreement, of scientists in both hemispheres. In pursuit of evidence he 
was a most indefatigable traveller drawing his information from all over the world, 
and particularly relishing journeys by air. 

Dr. du Toit’s scientific honours were naturally very numerous. A Murchison 
medallist of the Geological Society of London and a Draper medallist of the 
Geological Society of South Africa, he received honorary degrees from most of the 
universities of his country and was elected a Fellow of the Royal Society of London 
in 1944. 

ie had been a Fellow of the Royal Society of South Africa since 1909 and 
served as editor of the Transactions from 1942 to 1947. The Society was then 
looking forward to a further productive period under his stimulating direction as 
President, when he died suddenly, in the zenith of his powers, leaving his wife, son, 
and a multitude of friends to mourn the loss of a great South African. 


* * * 


HUGH ADAM REYBURN 


Hugh Adam Reyburn was originally trained as a philosopher. It was as 
Professor of Philosophy that he joined the staff of the South African College in 1912, 
and it was for a philosophical work that he obtained his Doctorate from the Univer- 
sity of Glasgow. But it was not long before he developed an interest in scientific 
Psychology, and eight years after his arrival in Cape Town he secured the creation 
of a Chair of Ethics, reserving for himself the teaching of Logic and Psychology. 
Soon after that a Senior Lecturer was appointed, and for the rest of his academic 
life Reyburn devoted himself entirely to Psychology. 

Reyburn was a man of outstanding intellectual capacity. To many people it 
seemed that he dissipated his energies in too many directions to allow him to make 
significant scientific contributions in any one field. But in fact this very catholicity 
of his interests added value to any original contributions to science he did make. 
The science of behaviour is still young, and a great deal of painstaking labour is 
required to raise it to maturity. Workers on detailed projects are apt to lose sight of 
the wide and complex field in which human behaviour occurs, and men of Reyburn’s 
calibre are needed to prevent such research from wandering into desert wastes. 

Although Reyburn’s interests, both scientific and human, covered an exception- 
ally wide range, there was nothing superficial in his knowledge and understanding 
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of the varied fields he explored. He was, in fact, one of those rare individuals who 
are specialists in several branches of a subject and at the same time have a compre- 
hensive knowledge of the whole field and something more than a superficial under- 
standing of related disciplines. 

Reyburn’s most important contributions to science, those for which he is most 
widely known outside the borders of his adopted country, were made in the field of 
multiple factor analysis of human temperament. Some of this work was purely 
technical. He developed, in collaboration with one of his colleagues, a new technique 
which, for the first time, permitted the application of hypothetico-deductive prin- 
ciples to the solution of problems of the type which multiple factor analysis was 
originally designed to handle. With the aid of this technique, and other technical 
refinements which he subsequently developed, Reyburn was able to give a clearer, 
and internally more consistent, description of the structure of human temperament 
than any other worker in this field has achieved. 

His contributions were received with some hostility in the Chicago school of 
factor analysis, which is responsible for most of the technical procedures now in 
general use, but there is plenty of evidence that they made a profound impression 
elsewhere, and it is a reasonable prediction that the principles which Reyburn 
advocated will play an increasingly important part in the factorial analysis of human 
character and personality. 


LAWRENCE CRAWFORD 


Lawrence Crawford was born in Glasgow on March 14, 1867. He was educated 
at Glasgow High School, where he was a prizeman and medallist, and at Glasgow 
University where he won the Metcalfe, Muir and Ferguson Bursaries and obtained 
the degree of B.Sc. in 1886 

In 1887 he entered King’s College, Cambridge, where he was a Scholar and 
Exhibitioner. There he won the Glynn and Richards prizes and obtained first- 
classes in Part I of the Mathematical Tripos in 1890 and in Part II in 1891, being 
ranked Fifth Wrangler. In 1892 he received an ‘honourable mention’ for the Smith’s 
Prize, and in 1893 he was made a Fellow of the College. For five years thereafter 
he lectured in mathematics at Mason College, Birmingham. In 1899 he was 
awarded the degree of D.Sc. by the University of Glasgow and in the same year was 
appointed to the Chair of Pure Mathematics in the South African College. 

Crawford was not slow in identifying himself with the academic life of this 
country. He soon became a member of the South African Philosophical Society and 
later of the South African Teachers’ Association and the South African Association 
for the Advancement of Science and was President of the latter in 1915-16. 

His contribution to the advancement of the South African College can only be 
judged by comparing the status of the College at the time of his appointment and 
that of the University at the date of his retirement thirty-nine years later. The 
College was one of the six constituent colleges of the University of the Cape of Good 
Hope. In 1899 it had about two hundred students and eleven professors with five 
assistants. With the exception of Beattie, it is fair to say that no man did more than 
Crawford to bring about the sweeping changes which have since taken place. In 
1902 he was appointed secretary to the Senate and held this onerous position until a 
Registrar took over in 1906. In view of the interest he took in the present University 
of Cape Town Development Fund it is interesting to note that one of his first tasks 
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as secretary to the Senate was the organization of a development scheme which 
raised in eighteen months what was then regarded as the handsome sum of £40,000. 

From 1907 to 1911 he was Vice-Chairman of Senate and from 1916 onwards a 
member of the College Council and its successor, the University Council. He was 
more than once for short periods acting Principal of the University and acting 
Chairman of Council as recently as 1949. 

It was as a committee man that Crawford showed to the best advantage, parti- 
cularly as chairman. He made it his business to be fully informed in advance on 
every item of the agenda, so that meetings moved smoothly and rapidly. His memory 
for detail was remarkable. In later years it was said of him that though others might 
remember roughly what happened at the last meeting, only Crawford had a clear 
recollection of what had transpired at the meeting before that. He listened with the 
utmost patience to any speaker, however wild his opinions, as long as he kept to the 
point, but let him stray for more than a minute and his speech was firmly terminated. 

As a teacher it was Crawford’s opinion that as long as he wrote everything on the 
board it would be possible for the student to find his way through his notes later. 
He therefore said very carefully what he had to say and wrote it up at the same time. 
As he never stopped either talking or writing, everybody except the imperturbable 
Crawford was exhausted at the end of the lecture. Nevertheless a year’s notes made a 
perfect textbook with every detail explained and every imaginable pitfall warned 
against. 

4 There can have been few men more thoroughly honest. He took a long time to 
make up his mind, patiently taking into consideration everything that might bear 
on the subject, but he was completely uncanvassable and supported no man’s claim 
if it were not just. 

His temperament was remarkably uniform, unvarying from day to day—no 
less ‘moody’ man ever existed. He was always cheerful, always brisk and in a mild 
hurry, and always (apparently) physically fit. At no time did he fail to do his full 
share, and more, of the work to be done. To work with him was a pleasure and an 
inspiration. 

Outside lecture hours he took a considerable interest in students, coached the 
hockey club and later the ladies’ hockey club, and for some years was in charge of a 
university residence in Government Avenue, exercising a control which was at the 
same time strict and benevolent. 

He retired at the age of seventy, but his abounding energy compelled him to 
take up other work. For the last six years of his life he was a City Councillor, and an 
uncommonly well-informed and competent one at that. It was said of him that on 
occasion he slept through the meetings, but let anyone make an incorrect statement 
or quote a wrong figure and the ‘sleeping’ Crawford would rise up wrathfully in 
protest without fail. 

He had a lifelong love of music and was probably as regular an attendant as 
any at the Thursday evening symphony concerts from their inception in 1915. 
Dr. Pickerill may be quoted as saying that Crawford was the conductor’s dream of 
the perfect subscriber: ““Always present, always absorbed, never complaining, and 
always helpful in his suggestions.” 

Crawford was a Foundation Fellow and Member of Council of the Royal 
Society of South Africa from its inception in 1908, and served as Honorary Treasurer 
from 1909 to 1936 and as President from 1936 to 1941. 

He married, in 1903, Miss Annie Spilhaus, by whom and by his three sons and 
two daughters he is survived. His memory will long be cherished by hundreds of 
his old students, to whom he was one greatly to be respected, much to be loved. 
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ROBERT BROOM 


The loss of Robert Broom on April 6, 1951, will be felt all over the world where 
he had been recognized for the past forty years as one of the leading palaeontologists 
of the post-Darwinian era. By terminating sixty-six continuous years of unceasing 
fieldwork, research, and publication it has robbed contemporary South African 
science of its principal national and international figure. As the late General Smuts 
said in the Broom Commemorative Volume of this Society published in celebration 
of his eightieth birthday, “Every South African scientist feels prouder because of 
Broom. Every South African feels bigger because of him.’ 

He was made Corresponding Member of the Linnean Society of New South 
Wales (1897), the Zoological Society of London (ig10), the American Museum of 
Natural History in New York (1936), and the Geological Society of China (1937). 
He was elected Fellow of the Royal Society of London (1920), Honorary Fellow of the 
Royal Societies of South Africa and of Edinburgh (1947), and Foreign Member of 
the Royal Academy of Sciences of Sweden (1949). He was awarded Honorary 
Doctorates in Science by the Universities of South Africa (1913), Cape Town (1924), 
Witwatersrand (1934), Columbia (1937), and Stellenbosch (1946) and LL.D. of his 
mother University of Glasgow. He was appointed Croonian lecturer by the Society 
of London in 1913 and awarded one of their Royal Medals in 1928. In 1941 he 
received the Wollaston Medal of the Geological Society of London and the Daniel 
Giraud Elliot Medal of the National Academy of Sciences of Washington. In 1929 
he was given the Gold Medal of the South African Association for the Advancement 
of Science, in 1932 made President of its Zoological Section, and in 1933 President 
of the Association itself. 

Since recognition has been so world-wide and press and radio have so publi- 
cized episodes of Dr. Broom’s phenomenal career, and since the ablest public figures 
and his scientific colleagues have collaborated so recently in dedicating a complete 
book to the record of his career, publications, and subjects related thereto, any 
summary of his performances must inevitably traverse territory familiar or accessible 
to everyone. ' 

Born on November 30, 1866, in Paisley, Scotland, he inherited from his father, 
a designer of calicos and Paisley shawls and later an art critic and connoisseur, the 
habits for accurate observation and illustration which dominated both his scientific 
work and the hobbies of his leisure: collecting stamps and paintings. He had an 
instinct for detecting rare and valuable specimens equivalently in the rubbish of a 
barrow, the discards of a museum, or the rubble of a hillside. 

Despite his interest in obstetrics his medical qualification became merely a 
means to an end. Intoxicated during his studenthood with the evolutionary con- 
troversy, his bent towards zoological and botanical collecting, which had been 
exhibited at an early age, drove him direct to the primitive mammalia of Australia, 
the monotremes and marsupials, in 1892. Within a few years he had published a 
score of papers dealing with their anatomy and embryology, both living and fossil. 

To bridge the great gap between reptile and mammal, however, it was essential 
to find more convincing intermediate types in fossil deposits. So in 1897 he arrived 
in South Africa and within the next decade, first as a doctor and later as Professor of 
Zoology and Geology at Victoria College, Stellenbosch, he made those collections 
and investigations which led to his Croonian lectureships on “The Origin of Mammals’ 
and to most of his subsequent honours. 

During the first world war and subsequent thereto Broom returned to his 
practice and continued his investigations. He rounded off this phase of his life 
between 1931 and 1934 with his three books: The Origin of the Human Skeleton, The 
Mammal-like Reptiles of South Africa, and The Coming of Man—Was it Accident or Design? 
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The final and most spectacular era was from 1934 onwards when he had been 
appointed to a permanent post in the Transvaal Museum and relieved of the 
drudgery of practice. Accepting from the outset the significance of Australopithecus, 
he now had the opportunity to devote his collecting genius to the dolomitic limestone 
deposits of Sterkfontein Valley which, strangely enough, had eluded his vigilant 
eyes during the preceding forty years that they had been producing fossils as well 
as lime. 

Within the next fifteen years, however, Broom made a succession of discoveries 
at the farms Sterkfontein, Kromdraai, and Swartkrans in the Sterkfontein Valley 
which has few, if any, equivalents in the history of anthropology. They transformed 
South Africa into a Mecca of human prehistory. As from the Karroo he had garnered 
many genera and even a new order of mammal-like reptiles, so from the Witwaters- 
rand he had blasted what he regarded as several species and even a new family of 
man-like apes. 

* * * 


CORNELIUS J. VAN DER HORST 


On October 10, 1951, science in South Africa suffered a heavy loss through the 
untimely death of Dr. C. J. van der Horst, Professor of Zoology in the University 
of the Witwatersrand. 

Cornelius J. van der Horst was born in Nieuwer-Amstel, Holland, on May 
11, 1889. After graduating at the University of Amsterdam he became Assistant 
to Professor Hugo de Vries but later changed to Zoology and worked as Conservator 
with Professor Max Weber. He started his scientific investigations in the field of 
brain anatomy and in 1916 obtained the D.Sc. degree for a dissertation on the 
brains of fishes. His studies on brain anatomy were continued under Professor 
J. Herrick during a visit to Chicago in 1920; in 1923 he was appointed Sub-director 
of the Central Institute for Brain Research in Amsterdam. The work on brain 
anatomy, however, did not take up all of his energies; in 1920 he undertook, almost 
entirely at his own expense, an expedition to Curagao, Dutch West Indies. There- 
after marine biology became one of his leading interests. Besides working on his own 
collections, Dr. van der Horst was entrusted with the coral collection of the Siboga 
expedition. The animals that attracted him most were the Enteropneusta, and he 
soon became a recognized authority on this group. As a consequence he was 
assigned the task of writing the volume on Enteropneusta for Bronn’s Klassen und 
Ordnungen des Tierreiches, a work he most successfully accomplished. Shortly before 
his death, Dr. van der Horst also wrote chapters on the Enteropneusta for Krum- 
bach’s Handbuch der Zoologie. 

In 1928 Dr. van der Horst came to South Africa, being appointed Senior 
Lecturer in the Department of Zoology of the University of the Witwatersrand; 
in 1933 he was appointed Head of the Department and Professor of Zoology. In 
South Africa he soon found an outlet for his passion for marine biology; in 1934 he 
began collecting on the Island of Inhaca in Mogambique and in subsequent 
years organized regular expeditions to the island with groups of university students. 
As a direct result of this activity, the Portuguese authorities erected the buildings 
for a Marine Biological Station on the island. 

In South Africa Dr. van der Horst had the opportunity to extend his researches 
in another direction: his attention was directed towards numbers of animals that 
were only very superficially known to science. He became interested in the 
peculiarities of embryonic development of South African mammals, and his extra- 
ordinary energies were applied to bringing together an extensive collection of 
embryos of various mammals. This collection provided material for a series of 
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papers, the first of which was published in 1935, on the embryology of the spring 
hare, the dassie, the aardvark, and the elephant shrew, Elephantulus myurus. The 
last-named animal was studied by Dr. van der Horst and his collaborators with 
especial thoroughness, as its development offers some very extraordinary features 
and appears to link up this insectivore most intimately with the line of descent of man. 
No less than thirty-five papers have been written embodying results of their work 
on this animal alone. Dr. van der Horst’s embryological researches were planned 
and organized on a very large scale and what has been done, important as it is, was 
only a beginning. Untimely death interrupted these investigations and much of the 
material collected has been left behind for those who would take up this line of 
research. 

In all his various investigations, Dr. van der Horst showed an ability to acquire 
in a short time a complete grasp of the subject and to produce results of lasting value. 
He has to his credit eighty-seven scientific publications and three papers still in the 
press. The scientific merits of these publications are best shown by the honours 
rendered to him by various scientific institutions. He was a corresponding member 
of the Zoological Society of London and since 1948 a Fellow of the International 
Institute of Embryology. He was nominated to membership of the Royal Academy 
of Sciences of Holland in 1950 and of the Royal Academy of Norway in 1951. In 
1947 he was awarded the Senior Captain Scott Medal, and in 1950 the Linneaus 
Medal of the Swedish Academy of Sciences. 

Dr. van der Horst became a member of the Royal Society of South Africa in 
1933. He was elected a Fellow in 1938 and from 1948 until the time of his death 
served on the Council. 

B. I. B. 


BERTHAULT DE ST. JEAN VAN DER RIET 


The passing on July 13, 1952, of Professor B. de St. J. van der Riet deprived the 
University of Stellenbosch of one of its most illustrious and oldest students and of a 
Professor beloved by all who had the privilege of studying under him. 

Born at Swellendam in 1867, he spent his boyhood at Simonstown, where his 
father was a magistrate, and later proceeded to Stellenbosch Gymnasium, where in 
1883 he matriculated with honours and was awarded a university scholarship. He 
always spoke with great appreciation of his elder sisters, who played an important 
part in the earlier teaching which he received at home. Having obtained the B.A. 
degree at the Stellenbosch College he went to the South African College in Cape 
‘Town, where he took the M.A. degree in Chemistry. For some time he was assistant 
to Professor Marloth at the Government Chemical Laboratories, and this association 
with the man who later became one of South Africa’s greatest botanists was probably 
responsible for his lifelong interest in the essential oils of South African plants. 

With the aid of a scholarship he went to the University of Halle in Germany, 
where he obtained the Ph.D. degree in Chemistry with distinction. Subsequently he 
also studied Geology. 

Upon his return to Stellenbosch in 1895 he was appointed Assistant Lecturer in 
Geology and Mineralogy and Assistant Professor of Chemistry. In 1898 he became 
Professor of Chemistry and Geology. In this appointment he was the founder of the 
Department of Geology, although the Chemistry Department had been in existence 
since 1882. In 1903 Geology was taken over by Professor Robert Broom and from 
then until 1940 Professor van der Riet gave all his attention to the development of 
the Chemistry Department. 
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In a young university the development of a new department involves much time 
and energy and those to whom such duties are entrusted often have to choose between 
research and administrative and teaching duties. Professor van der Riet chose the 
latter course with the result that he did not leave an impressive volume of published 
work. But he spent all his free time investigating the chemical and physical properties 
of the essential oils of our indigenous plants. On his senior students he always 
impressed the importance of research and continually encouraged and guided them 
in their investigations. It is significant that the line of research which he started is 
till this day being followed up in the Department of Organic Chemistry. 

Professor van der Riet was elected a Fellow of the Royal Society of South Africa 
in 1912 and was for many years an active member of the Council. He was a founda- 
tion member of the South African Association for the Advancement of Science and 
a member of the Cape Chemical Society. 

His most outstanding personal qualities were humility, sincerity, love for his 
fellow men, and a keen sense of humour. 

In 1898 he married Florence Lily Beamish, a young graduate of Westfield 
College, London, who had come to Stellenbosch to teach at the Bloemhof Girls’ 
School. She died in 1942. He is survived by three sons and three daughters; with 
them we mourn the loss of a devoted father and of a man who so freely gave his talents 
and time to the development of science at the University of Stellenbosch. 
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It is almost exactly forty years since Friedrich and Knipping, at Munich, 
stimulated by a suggestion made by Max von Laue, first showed experimentally 
that X-rays could be diffracted by a crystal, a discovery which at once had impor- 
tant effects on the general development of physics, and proved moreover to be the 
basis of a new science of the solid state. I was present at what was perhaps the first 
discussion of these results in England, and it is now well over thirty years since I 
started to do serious work on the subject. So far as time and the pressure of other 
duties have allowed me I have continued to be actively associated with it, and it 
seemed to me, therefore, that a suitable topic for my Presidential Address to the 
Society might be a brief summary of the development of the subject as I have seen it. 

The subject of a presidential address should not only be one to which the deliverer 
has made some personal contribution, but should, if possible, be of interest to a 
wide circle of members of the Society. The diffraction of X-rays has applications in 
many branches of science. It is of interest perhaps primarily to physicists, both as a 
research tool and as a beautiful example of the application of the principles of 
physical optics, but it is also of interest to chemists, because it has been possible by 
its means to demonstrate optically the correctness of the structural formulae of 
organic chemistry, and to throw new light on the formation of inorganic compounds, 
to mineralogists, because it has shown the true nature of the silicates and other 
rock-forming minerals, and to metallurgists, because it has shown clearly that the 
nature of the underlying crystal lattice determines the nature of an alloy. Moreover, 
it has been used, notably by Astbury and his school, to investigate the structures of 
substances of biological interest such as fibres, hair and horn; and both in Britain 
and America attention has for some years been particularly focused by several 
groups of workers on the proteins, many of which form crystals of enormous 
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complexity; and signs are not lacking that there may be a common basic structure, 
possibly of not too essentially complicated a type, underlying the apparently infinite 
complexity of these bodies, just as the silicon-oxygen link underlies, and, once 
understood, renders relatively straightforward, the complexities of the chemistry of 
the silicates. 

X-rays were discovered by Roentgen in 1895, but at the beginning of 1912 
their physical nature was still uncertain, although it was generally held that they 
were pulses of electromagnetic radiation, set up when the rapidly moving electrons 
in the X-ray tube were suddenly stopped by impact on the target. The classical 
theory of electromagnetism demanded that charges suddenly stopped in this way 
should give rise to pulses of radiation, and a theory of this type, put forward more or 
less independently by Stokes, Wiechert and J. J. Thomson, was that generally held at 
the time I took my degree in 1912, and started working in Thomson’s laboratory at 
Cambridge. Such a view was supported by the fact that the radiation was trans- 
mitted in straight lines and could cast sharp shadows, a property upon which its 
medical application depended, but was not deflected by electric or magnetic fields, 
as might have been expected if the radiation had consisted of a stream of charged 
particles. 

But there were difficulties. When X-rays passed through matter they were 
found to cause the emission of fast electrons, with energies so great that it was not 
easy to see how they could be absorbed from a wave in which the energy, according 
to the views then held, must be continuously distributed. The process was much more 
suggestive of a corpuscular radiation, for the whole energy of a corpuscle might in a 
suitable encounter be handed over to an electron. The few electrons involved in 
such encounters would then acquire large energies, but the majority of electrons in 
the matter traversed by the radiation would not be affected; and this is what is 
observed. For this reason Professor W. H. Bragg, who had recently come from 
Adelaide to the Chair of Physics at Leeds, put forward a theory, which in 1912 was 
attracting a good deal of attention, according to which X-rays consisted of neutral 
doublets—particles containing both positive and negative charge in equal amounts, 
which would account for their not being deflected by electric and magnetic fields. 
The theory was worked out with great ingenuity, and was one of the first serious 
attempts to meet those difficulties and apparent contradictions which we now 
consider under the heading ‘of the quantum theory. It was only then beginning to 
be generally understood that similar difficulties were encountered in the interaction 
of ordinary light with matter, although Einstein’s concept of light as a series of 
photons, in which the wave energy is localized, which he put forward as early as 
1905, was an attempt to meet the same kind of difficulty. 

We are used now to the idea of a wave-corpuscle duality, which we know occurs 
not only with radiation, but with matter in general. There is cogent experimental 
evidence for treating the electron as a wave, although in the experiments in which 
it made its first appearance in physics it was unquestionably acting as a particle. 
We can still form no unifying picture of the two aspects, although we do know the 
rules that decide when one aspect or the other has to be used, and we know moreover 
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that one aspect is complementary to the other. In 1912, however, the wave theory 
of light was one of the best supported of all physical theories, and the difficulties of 
the quantum theory were only beginning to be generally realized. 

The universal conviction that light consisted of waves was based on the existence 
of the phenomena of interference. When waves from two steady sources of the same 
frequency pass through the same medium there will be certain places where crests 
or troughs of waves arrive simultaneously from both sources. At such places the 
disturbance due to the waves will be large, for it is the sum of their individual 
disturbances; but there will be other places where a crest from one wave will always 
arrive at the same instant as a trough from the other. At such places the displacement 
will be the difference of those due to the two waves separately, and will be very small 
if the waves are of nearly equal strength. The medium acted on by the two waves 
will thus show a stationary distribution of regions of large and regions of small 
disturbance, known as an interference pattern. 

The wave theory of light was worked out theoretically and experimentally in 
the early years of the nineteenth century, mainly by that extraordinary genius, 
Fresnel, who in an active scientific life of scarcely nine years left the subject in all its 
essential principles much as we find it to-day. In particular he showed that light 
intercepted by obstacles having dimensions of the order of its wave-length does not 
travel in straight lines, or throw sharp shadows, but gives instead a variety of beauti- 
ful and complicated interference patterns, which can be predicted down to their 
finest details on the assumption that light is a wave phenomenon, but, so far as can be 
seen, can be explained in no other way, and certainly not by any purely corpuscular 
theory. 

I should like to show you one simple example of diffraction, as this production 
of interference patterns by obstacles intercepting the light is called, which has a 
very direct bearing on my present subject. I will ask you to look through your hand- 
kerchiefs at this very small bright source of light on the table. You will then see 
instead of a single bright spot, a series of spots lying on a rectangular network, all of 
which except the central spot are coloured. If I had been able to use a small source 
of one colour, such as the yellow light given by a sodium lamp, you would have 
seen a rectangular array of yellow points. Red light would have given an array of 
red points on a rather larger scale. White light, which I have had to use to get the 
necessary brilliance, contains all colours, each of which gives its network of points, 
so that each spot is drawn out into a little spectrum. What you are seeing is the array 
of diffraction spectra produced by a set of holes arranged regularly in a rectangular 
network, the holes formed by the crossing of the warp and weft of the fabric. The 
waves falling on one side of the fabric cause each hole to be the source of waves 
which spread out on the other side. Because the holes are regularly spaced, the 
waves will reinforce each other in certain directions. In these directions, beams of 
light will travel, and will be focused by the eye lens on the retina, causing there a 
pattern of bright spots. In other directions, the same regularity of spacing causes 
almost complete destruction of the waves by interference, so that the directions of 
the beams are very sharply defined. 
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One other important point: the angle through which a beam is deviated or the 
angle of diffraction, depends on the ratio of the wave-length of the radiation to the 
distance between successive holes. If we could halve both the wave-length and the 
linear dimensions of the network the positions of the spots would remain unchanged. 
Thus, if we wished to obtain interference effects with waves much shorter than those 
of light, we should have to use very much finer networks. 

Up to 1912, although many had attempted to do so, no one had succeeded in 
obtaining undoubted interference or diffraction with X-rays. Nor had it been 
possible to produce regular reflection or refraction of the radiation. This did not 
necessarily mean that X-rays were not waves; but it did mean that, if they were, 
their wave-lengths must be very much shorter than those associated with visible 
light. The visible spectrum extends over a range of wave-lengths from about 0-4 to 
o-7 times 10 * cm., an average length of about 0-5 microns in the length units 
commonly used by microscopists, and, therefore, very much greater than the dis- 
tances between atoms in solid bodies. The attempts to obtain diffraction with X-rays 
indicated that the corresponding wave-lengths must be about 10% cm. or 0-0001 
microns. It will, therefore, be plain that to obtain diffraction effects of the kind we 
have been observing it would be necessary to use gratings with a mesh about ten 
thousand times finer than that of our handkerchiefs. Matter itself is too coarse for it 
to be possible to produce such gratings artificially. 

Max von Laue saw, however, that although suitable gratings could not be ruled 
mechanically Nature had herself provided us with repeating patterns of the right 
degree of fineness, if the wave-lengths of X-rays were what was to be expected. We 
have already seen that the required network should repeat itself in a distance about 
equal to the distances between atoms in solid bodies. It had been realized for many 
years that the regular geometrical forms exhibited by crystals, and particularly the 
laws governing the angles between their faces, indicated that they must be formed 
by stacking similar units to form three-dimensional patterns. It was also clear that 
the unit of pattern must be either an atom, or, more probably, a group of atoms or 
molecules. 

Let us think for a moment of the pattern of a fabric, or of a wall-paper. It con- 
sists of identical units, groups of flowers or some conventional arrangement, repeated 
at perfectly regular intervals in two directions, so that corresponding elements of all 
the units lie at the intersections of two sets of equally spaced parallel lines. Only in 
this way can a truly repeating pattern be formed. In a three-dimensional pattern, 
corresponding elements of the different units must lie on a space-lattice, a set of 
points formed by the intersection of three sets of equally spaced planes. Such sets 
of planes divide space into little parallepipedal boxes, and each box will contain an 
exactly similar, and similarly situated, group of atoms, which is the unit, or basis, 
as it is sometimes called, of the whole pattern. In simple crystals the unit will con- 
sist of a few atoms only, in bodies like the proteins it may consist of many thousands. 
In rock-salt, for example, the arrangement is that of a three-dimensional chessboard. 
Along any row of atoms parallel to the cubic axes we always meet atoms of sodium 
and chlorine alternately. The cubic unit in this case contains four atoms of each 
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kind, although this is not immediately evident from the model. Pope and Barlow 
had proposed possible arrangements for the atoms in a number of simple compounds, 
and although their proposed structures were not always correct, they had reasoned 
along correct lines, and their work had made chemists and physicists think in the 
right way about the nature of crystals, 

Suppose a beam of X-rays to pass through a structure of this kind. If the 
crystal is of more than microscopic size, the beam will traverse many millions of units 


of pattern. Each atom scatters some of the radiation, becoming itself the source of 
X-rays. In the crystal there are now a large number of sources of radiation, all 


stimulated by the same incident wave, and spaced at exactly regular intervals, at 


distances apart a few times greater than the suspected wave-length of the radiation. 
All the conditions necessary for producing interference are thus present. Von Laue, 
therefore, suggested trying the experiment of passing a narrow beam of X-rays 
through a crystal and receiving the transmitted beam on a photographic plate 
placed behind it. The experiment was made early in March 1912 with a crystal of 
copper sulphate, and after a few unsuccessful attempts, because they had little idea 
of the intensity of the effect to be expected, or of the necessary time of exposure, 
Friedrich and Knipping obtained the pattern that I show on the screen—the first 
Laue photograph, and the beginning of a new branch of science. 

It is on record that von Laue had been acting as supervisor for the Ph.D. 
work of P. P. Ewald, himself later to become one of the most distinguished workers 
in the new field. Ewald was considering crystal optics in terms of the interaction of 
electromagnetic waves with a discontinuum of regularly spaced atoms; but he was 
concerned with visible light, so that for his purpose the distances between the atoms 
might be considered as very small in comparison with the wave-length. Ewald once 
told me that he had visited von Laue with a series of difficulties for discussion, the 
time before the handing in of his thesis being short, and had found it very difficult 
to get him to come to the point. Von Laue would keep saying: ‘What would happen 
if the waves were very short, shorter than the distances between the atoms?’ Ewald 
admitted to having felt a slight sense of annoyance. His problems were pressing, and 
had nothing obvious to do with short waves. He went away leaving von Laue still mur- 
muring thoughtfully, ‘What would happen if the waves were very short?’ There can 
be no doubt, I think, it was then that the science of X-ray diffraction came into being. 

You will notice that the Laue patterns, although evidently due to diffraction, 
differ in type from the patterns obtained with ordinary light. This is because we are 
here dealing with diffraction from a three-dimensional grating, which alters the 
geometry of the process, and causes difficulties that we cannot here consider, 
although the physical optics of the subject is of great interest, and has given rise to 
some very elegant mathematical methods for dealing with it, which can be applied 
with great advantage to many other problems in diffraction. Von Laue himself gave 
the theory of diffraction by a three-dimensional lattice, but was not able to explain 
completely in his first paper the details of the patterns actually obtained. The next 
step was in fact taken by W. L. Bragg, then a young man not yet twenty-three years 
of age, who had just taken his degree at Cambridge. 
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Bragg and I were in the same year, and were both just starting research work at 
the Cavendish Laboratory, when J. J. Thomson read a paper to the Physical 
Colloquium on the experiments of Friedrich, Knipping and von Laue, which had 
just been published in a German periodical not readily accessible to the average 
student. I have been told that Roentgen had for sentimental reasons wished it to 
appear in the same journal that had published his discovery of X-rays in 1895. 
Naturally the paper aroused the widest interest and enthusiasm among the research 
students. Bragg was particularly interested, because he was a stout upholder of his 
father’s doublet theory of X-rays, and he tells us that he began by trying to show 
that the effects obtained at Munich were not due to diffraction. He soon saw, how- 
ever, that it was indeed a case of diffraction, and was able to give a full explanation 
of the Laue patterns. His first paper, published in the Proceedings of the Cambridge 
Philosophical Society, is a remarkable example of that geometrical insight and power 
of arriving at a simple solution of a complex problem, which those of us who were 
afterwards his pupils came to know so well. It was this paper more than anything 
else which made possible the rapid advance in the subject that took place. 

Bragg saw that diffraction by a three-dimensional lattice could be thought of 
as the interaction of successive reflections of the X-ray beam from the piles of equally 
spaced planes of atoms of which such a lattice is built up. He pointed out that a 
strong resultant reflection from the whole pile of planes could occur only if the path 
difference between the beams reflected from successive planes was an exact whole 
number of wave-lengths. This way of looking at the problem reduced it from an 
unfamiliar one to a quite familiar one. Parallel to any possible crystal face there is a 
set of atomic planes with a certain spacing, and each such set can give a reflected 
beam; but if the radiation has a definite wave-length A, then reflection can occur 


only when 
2d sin 8 = md, 


d being the spacing of the planes, @ the glancing angle of incidence of reflection, and 
ma whole number. If only one wave-length is present, reflection from a set of planes 
will take place only at certain angles. At all other angles the reflected beam is almost 
completely destroyed by interference. If, however, the radiation consists of a conti- 
nuous range of wave-lengths, analogous to white light in the visible range, there will 
be reflection at any angle, but to each angle of reflection will correspond a different 
wave-length, that which satisfies the Bragg relation. The X-rays used in the original 
experiments did in fact consist of such a continuous range, and Bragg saw that the 
different possible sets of atomic planes in the crystal were selecting those wave- 
lengths which they could reflect. He first showed that the spots on the photographs 
were actually in positions corresponding to reflections from possible atomic planes, 
and, having proved this, was able to determine the actual structures of some simple 
crystals, such as rock-salt and potassium chloride. It may be remarked here that 
copper sulphate, the crystal first used, which is of low symmetry and has a somewhat 
complicated structure, had to wait for nearly twenty-five years for its solution by 
Lipson and Beevers at Manchester. 
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At this point the two Braggs, father and son, joined forces. The elder Bragg was 
Professor of Physics at Leeds University, and the two worked there in the years that 
preceded the outbreak of war in 1914 and produced the classical series of papers in 
which the first crystal structures were determined. W. H. Bragg devised the X-ray 
spectrometer, an instrument rather like an optical spectrometer, except that the 
telescope was replaced by an ionization chamber, and the prism by a crystal mounted 
with a face, either natural or ground on to it in the right direction, lying in the axis 
of rotation. A narrow beam of X-rays, limited by lead slits, fell on this face and if 
the angular setting was correct was reflected by it and received in the ionization 
chamber, being detected by the deflection of an electrometer with which the 
chamber was connected. 

The early work of the Bragys with the spectrometer showed that the character- 
istic X-rays from the target of an X-ray bulb consisted of a quite simple line spectrum 
superposed on a continuous background. The characteristic lines are so strong that 
we can in effect use radiation of a single wave-length, and nearly all crystal work is 
now done with monochromatic radiation. By setting the crystal up so that different 
faces reflect in turn it is possible to determine from the angles at which reflection 
occurs the spacing of the crystal planes parallel to those faces, and so to measure 
up the unit cell of the three-dimensional pattern. It was in this way that the first 
structures, except the very early ones determined from Laue photographs, were 
investigated. As we have seen, diffraction experiments alone can give only the ratio 
of the wave-length to the spacing; but the structures first determined were so simple 
that from a knowledge of the type of structure, the density, and the molecular weight 
of the substance it was possible to determine the spacing itself with a high degree of 
probability. Once a spacing had been determined the wave-length was known. By 
using a crystal of known spacing it then became possible to use the instrument as an 
actual spectrometer for X-rays, and to measure the wave-lengths of X-rays from 
various sources, just as one measures the wave-length of light with an ordinary 
diffraction grating. 

The Braggs, after thus laying the foundations of X-ray spectrometry, turned their 
attention to the determination of crystal structures; but the importance of the spectro- 
scopic aspect of the subject was perceived by Moseley, who, working in Rutherford’s 
laboratory at Manchester, investigated the wave-lengths of the characteristic 
radiation from a series of elements. He was able to show that there was a relation 
between the wave-length of the characteristic radiation and the atomic number of 
the element emitting it, so precise that it was possible to say at once if any element 
was missing from the atomic series. Bohr, also at that time in Manchester, had 
recently put forward his epoch-making theory of the stationary states of the hydrogen 
spectrum, and Moseley was able to fit X-ray spectra into the same scheme. The 
nature and origin of X-ray spectra and their relation to light became clear, and the 
way lay open to the investigation of the outer electron structure of the atom, and the 
explanation of the periodic classification of the elements. There can seldom have 
been such a stride forward in a few years. At the beginning of 1912 the very nature 
of X-rays was uncertain. Before the outbreak of war a precision spectroscopy of 
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X-rays had become possible, which was developed in subsequent years with great 
ability by Siegbahn and his school in Lund. It is sad to recall that Moseley, with his 
brilliant promise, had been killed in Gallipoli before the end of 1915, at the age of 
twenty-eight. 

Belonging also to these early days was a remarkable paper by C. G. Darwin, 
published in 1914, in which he worked out in great detail the theory of the reflection 
of X-rays by crystals, taking into account multiple reflections, that is to say the 
reflection again of the reflected beams within the crystal, which was neglected in 
the simple Bragg theory. He showed that ideally perfect crystals of low absorption 
should reflect totally over a small range of angles, and also that crystals have a 
refractive index for X-rays, which is less than unity, differing from it by a few parts 
in a million only. In consequence of this, Bragg’s law is not exactly true, and for 
accurate spectroscopic work a correction, given by Darwin, must be applied. In 
consequence of the outbreak of war, Darwin’s paper did not become widely known 
on the Continent, and the deviation from Bragg’s law was rediscovered experimentally 
by Stenstrom in Lund about 1920. Its existence had also been independently 
deduced by Ewald in his work on the dynamical theory of reflection, one of the 
really great contributions to X-ray optics. 

I have already remarked that the early structure determinations were mostly 
made with the X-ray spectrometer. When W. L. Bragg went to Manchester after 
the 1914-18 war the spectrometer was still the main instrument. We started work 
there with one of the original instruments made by Mr. Jenkinson at Leeds, and a 
very inadequate gas X-ray bulb with a palladium target. With this we attempted 
to do accurate quantitative work on intensities, but really made little progress until, 
in the following year, we received our first Coolidge bulb as a present from the 
General Electric Company’s laboratories at Schenectady. The spectrometer I myself 
continued to use for nearly seventeen years. I must have made thousands of obser- 
vations with it, and I became very attached to it, as one does to an old friend whose 
funny little ways one knows. 

In its early form, the spectrometer could be used only with quite large crystals, 
having faces perhaps a quarter of an inch square, and this rather limited the choice 
of crystals to be tackled, for in those days we did not feel equal to attempting crystals 
of any but the higher symmetry classes, and these on the whole tend to grow rather 
small. Many of the interestiig substances, such for example as the metals, form only 
aggregates of minute crystals. Here and there larger crystals of gold, copper, alumi- 
nium, or antimony might be available, but usually it was not possible to get metallic 
crystals suitable for work with the spectrometer. This led Debye and Scherrer in 
Zirich, and Hull in the United States to develop independently the powder method. 
The crystalline material is ground to a fine powder and attached by means of gum 
or Canada balsam to a suitable support. When an X-ray beam falls on the specimen, 
a particular spectrum can occur only if the angle of incidence 6, on the appropriate 
atomic planes, is correct; but the random orientation of the powder particles ensures 
that a large number of them will lie with the planes at the correct angle, and a cone 
of reflected rays will develop, of angle 20, surrounding the direction of the primary 
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beam as axis. ‘he angles of these cones may be anything from 0° up to nearly 180°, 
like an umbrella turned inside out. ‘They are received on a strip of photographic 
film bent into a cylinder, on the axis of which the specimen lies, and the intersections 
of cones and film form a set of lines one for each set of reflecting planes. Cubic 
crystals give photographs with relatively few lines, which are usually easy to identify, 
and the method can be used for crystals with three, four, or sixfold axes, but is not in 
general suitable for the orthorhombic, monoclinic, or triclinic systems, except as a 
means of identification. Nevertheless it has been of immense value, because most 
metals and alloys have simple structures of high symmetry. ‘The method was deve- 
loped greatly by Westgren in Sweden, and by Bradley in Manchester, and has become 
a tool of extreme value to metallurgists. By studying a series of powder photographs 
of an alloy with varying relative concentration of the constituent metals it is possible 
to see how one phase makes its appearance as another goes out, and how at certain 
concentrations both appear together. It is hardly necessary to emphasize the 
importance of a method that gives fundamental information about the nature of the 
metallic state. 

The powder method was also used by V. M. Goldsmidt and his pupils, among 
whom one may particularly mention Zachariasen, to examine a large number of 
crystals of simple binary compounds. As a result of this work, a very good idea was 
obtained of the room taken up by atoms of different kinds in crystal structures. It 
was shown that definite sizes could be ascribed to atoms of different kinds, and many 
facts about the crystallization of compounds of similar chemical types in different 
forms, and of compounds of quite different chemical types in the same form, which 
had been rather puzzling, were shown to be largely a matter of geometrical packing. 
It is a useful guide to remember that atoms, like babies, seem to enjoy being held 
tight. They do not like to rattle about in holes in a structure which are too large for 
them. I remember once giving a paper to the Chemical Colloquium at Manchester, 
which I called ‘Inorganic Chemistry considered as a Branch of Geometry’, a provo- 
cative title, but one which did emphasize an important point not at that time always 
realized by chemists. 

Most of the early workers in the subject had been trained as physicists, and very 
few of us knew any systematic crystallography. We picked up much of what we 
needed as we went along, but our knowledge was often very inadequate. During the 
nineteenth century, Schoenflies in Germany and Barlow in England had developed 
a science of structural crystallography which was based on the assumption that crys- 
tals are formed by the repetition in space of a unit of pattern. Long before there was 
any probability that its exact nature could ever be determined, they had enumerated 
the possible types of symmetry that such a repeating pattern could have. The problem 
to be solved is: Assuming a structure to consist of a three-dimensionally repeating 
pattern of infinite extent, what self-consistent arrangement of planes, axes, and 
centres of symmetry, themselves of course repeating with the repetition of the 
pattern, are possible if the action of any one of them is to turn the whole array into 
itself? Such an array of symmetry elements is known as a space-group. If we place a 
single asymmetric unit at any point in the group, it will be multiplied by the 
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symmetry operations into a pattern having the type of symmetry characteristic of the 
group. As the position of the unit changes so will the pattern, but, so long as the 
space-group is the same, the symmetry type of the pattern remains unaltered. An 
analogous and familiar example is that of the kaleidoscope, which forms a symmetrical 
pattern from any irregular piece of material that may be placed in it. If the angles 
between the mirrors remain constant, all the patterns produced by the instrument, 
with their apparently infinite variety, will have the same symmetry. 

There are 230 possible space-groups, which include all possible symmetry 
types for three-dimensional patterns. This had been shown independently by 
Schoenflies and Barlow, and the theory lay ready to be used by the new science of 
structural crystallography that was springing up. But the ideas of space-group 
theory spread slowly. Wyckoff in America was among the earliest to insist on its 
importance, and the pioneer work of Astbury and Miss Yardley (now Professor 
Kathleen Lonsdale) in England was of the greatest value in making the ideas 
familiar to X-ray crystallographers. In the Manchester laboratory, for example, it 
was not used seriously until 1922 or 1923, and I remember vividly how difficult the 
ideas were to assimilate. There were then no straightforward expositions of the 
subject written with a view to its actual use. Such expositions as existed were very 
formal, and we had to wrestle with them as best we could. 

The importance of the idea is, however, fundamental. ‘The existence of sym- 
metry elements of certain kinds in the structure causes the systematic absence of 
certain types of spectra from the diffraction pattern, and by observing these absences 
it is usually possible to limit the space-group to two or three of the 230, and some- 
times to determine it uniquely; and even if some ambiguity remains, it may be 
possible to remove this by means not strictly optical or geometrical. It is essential 
to know the symmetry type of the pattern, and it is only because the first structures 
determined were so very simple that they could be solved without this knowledge. 
Indeed a purist might say, and some have actually said, that none of the earlier 
structures was uniquely determined, although the results obtained were in fact 
correct. 

As the subject developed, photographic methods suitable for dealing with small 
single crystals began to supersede the spectrometer, although its use has never 
entirely died out, and, recently, with the ionization chamber replaced by a Geiger 
counter, which allows very small crystals to be examined, it is coming into use again 
for accurate work. The oscillation camera and the Weissenberg camera are probably 
now the most widely used instruments. The crystal, usually a fraction of a millimetre 
in dimensions, lies on the axis of a cylindrical camera, the inner surface of which is 
formed by the film. The crystal can be rotated about the camera axis either through 
a complete rotation or, more usually, allowed to oscillate through a limited number 
of degrees, and is adjusted so that one of its important axes coincides with the axis 
of rotation. The X-ray beam enters the camera in a direction at right angles to the 
axis. As the crystal oscillates, different planes come successively into the position to 
reflect, and a pattern of spots is formed on the photographic film. In such patterns 
the spots always lie on a series of horizontal lines, known as layer lines, from the 
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spacing of which the distance in which the crystal pattern repeats itself parallel to 
the axis of rotation can at once be determined by a very simple calculation. By 
taking photographs about three different axes, the unit cell of the pattern may be 
determined. In the Weissenberg method, the cylindrical camera moves backward 
and forward parallel to the axis of rotation at the same time as the crystal rotates. 
This gives another type of pattern, which has certain very great advantages. 

Relatively straightforward methods exist for identifying the spots on the pattern 
with the planes that have produced them, and by noting systematic absences of 
spectra the space-lattice and space-group upon which the structure is based can 
generally be found. Given good material, which may in fact be a considerable 
qualification, it is in principle possible to determine the unit cell and space-group of 
any crystal. ‘There remains the important and indeed essential step, without which 
the determination will often have little scientific value, of finding the actual arrange- 
ment of the atoms in the unit of pattern. There exists no certain method of doing this, 
applicable to every case. 1 should like to explain, necessarily rather briefly, because 
the matter is not an easy one, and its real understanding involves a considerable 
knowledge of physical optics, why there is no certain solution to the problem, but 
why it is nevertheless often possible to get the answer. 

We must first consider a few general principles applicable to any diffraction 
pattern of the type we are considering. ‘The shape and size of the unit cell alone 
determine the directions of the diffracted beams, and so the positions of the spots on 
the photographs. You will perhaps have noted the apparently arbitrary way in 
which the intensities of the spots vary. It is not just that the intensity depends on the 
angle through which the rays have been deviated, for spots at the same distance from 
the centre of the photograph, may differ enormously in strength. The intensities are 
in fact determined by the exact arrangement of atoms in the unit cell, and the 
determination of that pattern demands an accurate study of the relative intensities. 

But although the nature of the unit cell determines the intensities uniquely the 
converse is unfortunately not true. In principle, an infinite number of patterns might 
give just the same distribution of intensities. What essential information do we then 
lack in addition to that given us by the photographs? To understand this we must 
remind ourselves that a diffraction pattern is really a pattern of vibrations. Where 
the spots are intense the vibrations have a large amplitude, where they are weak, a 
small one. But a vibration needs more than its amplitude and frequency to specify 
it completely. There is also the phase, the stage of the vibration reached at any 
particular instant. Think of an interference pattern formed by two sets of waves on 
water, and consisting of regions of large and small disturbance. To specify that 
pattern completely, we need to know not only the relative amplitudes of the distur- 
bances at different parts of it, but whether they all reach their maxima simul- 
taneously, and, if not, by how much they are out of step at different places. This is 
what we mean by a knowledge of the phases of the disturbance. It is a little harder 
to define what we mean by phase in a three-dimensional diffraction pattern, which 
can never be formed all at the same time, but the general principle according to 
which it is defined is the same. 
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Now there appears to be no direct and consistently applicable method of 
determining the phases in an X-ray problem, although it can sometimes be done by 
a special trick, and it is really only when it can be done that the structure is, strictly 
speaking, determinable. In ordinary vision, lenses, including our eye lenses, make use 
of the relative phases of the light waves automatically in forming the image. We have 
nothing analogous to a lens for X-rays, and we have to do by calculation what the 
lens does for us automatically, with the added difficulty that we cannot as a rule 
obtain by direct observation all the necessary data. 

Do not, however, therefore conclude that all structure deteminations are based 
on imagination. ‘The method of attack is usually one of trial and error, but one can 
usually be quite sure when the correct result has been obtained. We know quite a 
lot about the pattern before we start. We have a good idea of the sizes of the atoms, 
and of their probable distances apart. We usually know the symmetry type of the 
pattern, which may greatly limit the possible atomic positions. We may have 
measured the principal refractive indices of the crystal, and if it is strongly doubly- 
refracting this may tell us quite a lot about the atomic arrangement. We know, too, 
that, whatever the arrangement may be, it will consist of strong positive concen- 
trations of scattering matter in the positions of the atoms, with no regions of negative 
density. In fact, whole classes of optically possible structures are ruled out at once 
as physically impossible. The intensities of the spectra, although they do not uniquely 
determine the pattern, used properly, will often tell us something about it. Some- 
times the heavy atoms in a structure will determine the phases of all the strong 
spectra, and it may be possible to find the positions of these atoms with some 
certainty. 

Using some or all of these sources of information, we may be able to make a 
very good guess at the probable structure. If we think this guess is good enough, we 
next calculate what the intensity distribution due to this assumed distribution of 
atoms would be, and compare it with the observed distribution. If the two agree, 
we are encouraged to believe that the guess was a correct one; for it is not very likely 
that general agreement in relative intensity over several hundred spectra can be a 
matter of chance. 

‘There are, however, rather more direct methods of using the experimental data 
than mere comparison of intensities, although our final judgment as to the correct- 
ness of a structure must depend on this. One very beautiful method first made practi- 
cally useful by W. L. Bragg about 1929, although the idea goes back to W. H. Bragg’s 
Bakerian Lecture to the Royal Society in 1915, uses the properties of Fourier series. 
The pattern is periodic in three dimensions. Therefore the density of the scattering 
matter in the crystal, expressed as a function of the space co-ordinates, must have 
the form of a triple Fourier series, that is to say a sum of sine and cosine functions 
having periods which are harmonics of the fundamental spacings of the crystal. For 
each spectrum the crystal can give there is one term in the series, and mathematical 
analysis of a quite straightforward type shows that the magnitudes of the coefficients 
of the terms of the series are governed by the intensities of the corresponding spectra, 
and can be determined from the observations. Each Fourier term has, however, not 
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only a magnitude but a phase. When we add waves together, which is what is being 
done in summing a Fourier series, we must know to what extent the different waves 
agree in phase at any point. Now the phase of the Fourier term is given by that of 
the corresponding spectrum and, as we have just seen, this cannot be directly deter- 
mined ; but if we have guessed the phases correctly from a preliminary estimate of the 
structure, we can use them in the series, which can then be summed for a sufficient 
number of points in space to determine the density distribution in the crystal. This 
may be a matter of very great labour; for a single summation may involve a thousand 
terms, and summations must be made for many hundreds of points to give the details 
of a complicated pattern. The labour is now often greatly eased by the use of 
Hollerith machines, and other mechanical devices, but when the method was first 
introduced, a pencil and paper was the usual equipment available. For this reason, 
Bragg suggested determining not the distribution of matter in space, but the pro- 
jection of the matter in the unit cell on a plane. This is given by a two-dimensional 
series, involving perhaps 150 terms, the summation of which is quite practicable, 
even without the aid of calculating machines. It is usual to project the structure on 
one or more faces of the unit cell. The series is summed for a set of points separated 
by one-sixtieth of the sides of the unit cell, forming a network over the plane of 
projection. To each such point is attached a number, the sum of the corresponding 
series, which gives the density of the projection at that point. Contour lines are 
drawn connecting points of equal density, and if the structure has been successfully 
determined the projections of the atoms will show out like peaks in the contour map 
of a mountainous country. If one’s guess of the phases of the terms has not been 
quite accurate, there may be a good deal of false detail, but often the initial guess 
will have been near enough to show up the structure in spite of this, and, from the 
probably rather distorted first map, corrections to the atomic positions can be 
obtained, and the calculations must then be repeated. These successive refinements 
of the Fourier projections may be very tedious, and a number of methods have been 
introduced to systematize and shorten them, the discussion of which would lead us 
into technicalities not suitable to this occasion. 

If really good intensity measurements are available it is possible to attain 
considerable accuracy. Cochran, working at Cambridge, has recently been able to 
show not only the positions of the hydrogen atoms in adenine hydrochloride, but 
also that the different atoms in the molecule have different degrees of thermal 
vibration. The Fourier method is now the standard one, and in many of the pro- 
jections the chemical molecules appear as clearly as in an optical image. These 
diagrams are in fact optical images, made by calculation instead by using lenses. 
Robertson, in his work on the aromatic compounds, has given some particularly 
beautiful ones. It may be mentioned that within the last year or so Pepinsky in 
America has designed an electronic calculator which, once supplied with the co- 
efficients, will produce a Fourier map on the screen of a cathode-ray oscillograph in 
a matter of seconds. The fatal drawback to this machine from the point of view of 
the less opulent laboratories is that it costs some thousands of pounds to 
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There is one point about which something should be said in a survey of this 
kind, if only because it was a phase in the development of the subject apt to be 
forgotten by those now working at it. We have seen that it is necessary at some stage 
to calculate the intensities and phases to be expected from an assumed atomic 
arrangement. To do this we must first know how individual atoms scatter X-rays, 
and then be able to find the resultant scattering when the atoms are collected 
together in a known pattern. The second part of the problem offers no difficulties 
of principle. It is just a matter of applying known optical methods, but it cannot be 
done quantitatively unless we know the individual scattering powers of the atoms. 
For X-rays of the wave-length generally used in this work the scattering in the 
direction of the incident beam is very nearly the sum of that due to the individual 
electrons of the atom; but 2s the angle of scattering increases path differences are 
introduced between the radiation scattered by electrons in different parts of the 
atom, and interference will take place, which causes the amplitude of the scattered 
radiation to fall away with increasing angle of scattering in a way that depends on 
the distribution of electrons in the atom. To calculate the intensities of the spectra 
we must know the scattering factor as a function of the angle of scattering with some 
accuracy. 

One of our first tasks at Manchester, when work on crystal structure was started 
there after the 1914 war, was to investigate quantitatively reflection from simple 
crystals, in order to see to what extent the actual reflection agreed with that calcu- 
lated from reasonable assumptions as to the electronic distribution. What we did 
was to measure the absolute reflecting power from rock-salt for a number of spectra, 
and then, using the theoretical formulae available, to calculate from the measure- 
ments the scattering curves of sodium and chlorine as a function of the angle of 
scattering. We found that these curves were eminently reasonable, and indicated the 
right number of electrons in the atoms, which emboldened us to believe that we were 
proceeding on the right lines, and that the theoretical formulae were in fact quanti- 
tatively applicable. The development of wave-mechanics made it possible to put 
the whole thing on a sounder basis, and Hartree was able to determine numerically 
the electronic distribution in a number of atoms, from which scattering curves could 
be calculated. These were compared with measured scattering curves, and, gradu- 
ally, tables of scattering factors for use in intensity calculations were built up, based, 
of course, not only on the Manchester work, but on that of observers in other parts of 
the world also. 

There is yet another complication. The atoms in the crystal are not at rest, but 
in constant thermal motion. This increases the effective volume of the electron 
distribution in the average atom in a structure, and the corresponding scattering 
curve will die away more rapidly with increasing angle of scattering than the curve 
for the atom at rest. A theory of the effect of temperature on the intensity of X-ray 
diffraction had been worked out by Debye, and later modified by Waller. The 
further task was therefore undertaken of measuring the intensity of reflection as 
accurately as possible from simple crystals such as rock-salt, potassium chloride and 
aluminium at different temperatures, ranging from that of liquid air to a red heat, 
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in order to test the theory. As a result of this work it was possible to estimate the 
actual amplitudes of thermal vibration of the atoms in these simple solids, and also 
to produce evidence of the existence of the zero-point vibration first suggested by 
Planck, and now a necessary consequence of the quantum theory of an oscillator. 

A further difficulty arises from the fact that the formulae applicable to. crystal 
reflection depend, as Darwin first showed, on whether we may treat the crystal as 
perfect, with the atoms in exact array, or more or less imperfect, owing to accidents 
of growth. As a result of this work the quantitative theory of X-ray reflection was 
put on a firm basis. I have mentioned this aspect of the subject, partly because such 
experimental contributions as I have been able to make have been in this field, 
rather than in the determination of structures, and partly because it is sometimes 
forgotten that fifteen years of rather difficult quantitative experimental work lie at 


the basis of the tables used every day by those working at the determination of 


crystal structures. 

It was the insistence of the Manchester workers, under the leadership of W. L. 
Bragg, on the importance of the quantitative side of intensity measurement that 
enabled them for a number of years to lead the way in the determination of the more 
complicated structures. A good example of this was the beautiful series of determi- 
nations of silicate structures, which showed the true nature of the chemistry of these 
substances. 

Interesting structures are tending to become more and more complicated, and 
the old methods of trial and error are becoming harder and harder to apply. Sub- 
stances such as haemoglobins and myoglobins, which are being investigated at 
Cambridge and elsewhere may contain thousands of atoms in the unit cell, and the 
structure often contains, dispersed through it, water or saline fluid, in a state which 
is possibly semicrystalline but which can be partly dried out from the crystal, without 
breaking down its essential structure, although it will usually cause a shrinkage. It 
is plain that methods that involve guessing a structure, and then working out the 
intensities to be expected, must here largely fail. What is needed is a direct method 
of determining the phases of the spectra, so that the structure can be worked out in 
detail, and unambiguously, once the inevitably very heavy experimental work of 
measuring the spectra has been done. It is probable that most workers will agree 
with me that it is in this direction that progress is needed beyond all others. 

It seems at the moment improbable that any direct and universally applicable 
way will be found of determining the phases optically, although it is always dangerous 
to make statements of this kind. Nevertheless signs are not lacking that limited 
progress may soon be made in this direction. For one thing, there has been a great 
increase in the study of the problem as a branch of physical optics, and it is only 
through a thorough understanding of this aspect of it that we may expect to make 
progress in what is essentially an optical problem. 

We have seen that the problem, with our present knowledge, has no unique 
solution, but that the solution is nevertheless not completely indeterminate. The 
allowable solutions must have certain properties, and these in turn must affect the 
properties of the distribution of intensities, considered as a whole. One line of attack, 
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which has already had some success, is to examine the intensity distribution more or 
less statistically. It is found possible to set up certain inequalities connecting the 
intensities of spectra having certain indices, from which it has sometimes been 
possible to determine with a high degree of probability the phases of spectra from 
structures with centres of symmetry, in which the uncertainty of phase reduces to an 
ambiguity of sign. There will probably be considerable advances in this direction 


in the next few years; and there are also some methods rather more obviously optical 
in character, which are being employed by Lipson in Manchester, and also in Cam- 


bridge in the attack on haemoglobin, which seem to contain promise. The problem 
is a difficult one, but the reward of success is great. It is nothing less than the 
microscopy of crystalline and semi-crystalline materials on the atomic scale. 
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CAPE HANGKLIP—A STUDY IN COASTAL GEOQOMORPHOLOGY 


By J. A. Massutr 


Department of Geography, University of Cape Town 


(With Plate I and two text-figures) 
(Read May 16, 1951) 


Cape Hangklip consists of the abrasion platform of the 60 Foot Sea, partially regraded at the 20- 
25 Foot Stage and at the 12-14 Foot Sub-stage of the succeeding regression. A basal shingle may 
be evidence of this marine withdrawal. 

In its upper parts, the platform was buried by peat which formed towards the close of the Early 
Stone Age. A succeeding Middle Stone Age occupation level was buried by sand-dunes advancing 
from the south and east. With the erosion of the sand-dunes and the resumption of normal drainage 
the peat has been extensively removed. 

Farther south, the platform consisted of isolated rock banks which were joined together and to 
the mainland by shingle beaches. These beaches are attributed to a sea standing 6 feet above present 
sea-level and are tentatively correlated with the marine re-advance following the last Pleistocene 
regression. They antedate the dune system. 

The beaches and dunes are capped by shell middens with a predominantly ‘Strandloper’ cultural 
assemblage. 


INTRODUCTION 


Cape Hangklip stands at the south-eastern entrance to False Bay. The area 
studied (fig. 1) reaches northwards to the foot of Groot Hangklip and includes that 
portion of the ‘mainland’ adjoining the base of the cape. Farther east, the ‘main- 
land’ is covered by dunes, but below Groot Hangklip sand removal has occurred 
and streams have breached the sand ridges, extensively eroding the peaty soils 
beneath them. In this eroded area, a Palaeolithic working site was discovered by 
F. Malan in 1934. Low sandstone ridges of the Table Mountain Series (T.M.S.) 
with occasional dunes and intervening vieis bound the site on its southern side. Sea- 
wards again, a belt of eroded or shell-capped sand-dunes leads to the complex of 
rock, shingle, dune and shell forming the isthmus and headland of Cape Hangklip. 
The superficial deposits are mapped in fig. 1. 


THE ABRASION PLATFORM OF THE 60 Foot SEA 
The history of Cape Hangklip begins with the abrasion platform of the 60 Foot 
Sea.* The related cliff line is masked by the talus of Groot Hangklip, but beach 
pebbles are distributed over the Palaeolithic site. The platform is best preserved 
to the north-west of the area studied; on the exposed southern and eastern faces of 
* The terms ‘60 Foot Sea’ and ‘20-25 Foot Sea’ are used in this paper to signify those higher 


levels at which the beaches distinguished by Krige (1927) as the Major and Minor Emergences were 
formed. 
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Fic. 1. The surface deposits of Cape Hangklip. 
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the cape it is naturally wider but at the same time more uneven and has been cut 
across low T.M.S. ridges trending north-west to south-east. The quartzites have 
not offered equal resistance everywhere, and Masbaai has been eroded along a 
similarly orientated weak zone 500 yards across. This same zone separates the 
headland of Cape Hangklip from the ‘mainland sector’, an arrangement repeated 
to the south-east in Holbaai Punt. 


THE 20-25 Foot STAGE 


A partial regrading of the original platform appears to have taken place at the 
20-25 Foot Stage. Small stacks rise to a common level above a shingle-strewn 
T.M.S. platform at 10 to 20 feet above sea-level in the extreme south of the cape, 
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Fic. 2. The linking of the offshore rock banks and the formation 
of the isthmus by shingle beaches of the 6 Foot Sea. 


and closely resemble erosional features on the present foreshore (Plate I). Similar 
platforms occur in the western part of the cape and in the southern half of the 
isthmus. On this evidence, Cape Hangklip consisted at this stage of a group of 
closely-spaced rock banks elongated in a north-west to south-east direction, exposed 
only at low water, and separated from the mainland by a shallow channel (fig. 2). 

The thickly vegetated T.M.S. ridges south of the Palaeolithic site stand between 
21 and 27 feet above sea-level and so give an approximate position of the shoreline 
north of the channel, fixing the width of the latter at 400 yards. Where the stream 
shown in fig. 1 crosses this shoreline it has partially removed the dark peat soils to 
reveal a spread of large rounded quartzite boulders upstream from the ridges. 
These are less likely to represent beach material of the 20-25 Foot Sea than boulders 
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transported by streams across the old abrasion platform until trapped by the line of 
ridges. 

A spread of boulders between the T.M.S. ridges and the shell-capped dunes, 
and between 11 and 18 feet above sea-level, may be evidence of the withdrawal 
from the 20-25 Foot shoreline. The boulders extend southwards under the dunes 
and eastwards beneath the finer shingle ridges of a later beach. To the north and 
west they are buried by the dark soil which characterizes the Palaeolithic site and the 
lower ground between the T.M.S. ridges. Similar boulders are strewn over the 
rock platforms of the peninsula, where excavations have shown that they continue 
as a basal layer under the more recent shingle beaches and sand-hills. 


THE SHINGLE BEACHES 


To correlate the well-established Major and Minor Emergences of Krige (1927) 
with the Main and Late Monastirian shorelines of the Mediterranean is to interpret 
the Minor Emergence as a re-advance in the last of the marine regressions of the 
Pleistocene. Cape Hangklip offers no evidence of the limit of this regression. 

Krige (1927) has noted beach ridges at many points on the South African 
coast which he relates to a resting stage at 12-14 feet in the period of retreat subse- 
quent to the cutting of the 20-25 foot terrace. The work of the sea at this 12-14 
Foot Sub-stage is represented by the lower platforms and stacks at the southern end 
of the cape. 

At Cape Hangklip there are numerous shingle beaches with crests ranging 
between 10 and 20 feet above sea-level which are too closely related to the present 
shoreline to be separated from it by a major regression and have accordingly been 
attributed to the succeeding, post-glacial recovery of the sea. The absence of true 
beaches of the 12-14 Foot Sub-stage and their great development at this later period 
might be explained by the differing movements of sea-level involved. The culmi- 
nation of a transgression should be more favourable to beach formation than a 
pause during regression, since the shingle deposits of preceding lower shorelines 
are available continually to be driven forward and reformed at the highest level 
attained by the encroaching sea. 

The linking of the T.M.S. nuclei on the headland and the formation of the 
isthmus was accomplished through the growth of these shingle beaches (fig. 2), 
producing a double tombolo, and enclosing a low sandy amphitheatre on the head- 
land at 8 feet above sea-level. The shingle beaches reveal a dual control; firstly, 
the position and trend of the rock platforms, and secondly, the directions of domi- 
nant wave approach (fig. 2). They are highest in the west and south of the area, 
where most exposed to the dominant south and south-east waves. 

One beach, at 12 feet above sea-level, outlines a former secondary embayment 
in the north-west corner of Masbaai. Behind this beach extends an area of fine 
shingle forming a parallel series of back-shore terraces which overlie the boulder 
bed described above as evidence of the earlier regression. The shingle terraces pass 
southwards beneath shell-covered sand-dunes towards the continuation of the 
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T.M.S. ridge delimiting Van der Rat se Baai in the north. A low north-east facing 
beach at 10 feet above sea-level in the south of the amphitheatre on the headland 
was presumably formed before the shingle ridges in the east and north had excluded 
the sea from this area. 

In the protected embayments flanking the headland, the vertical range of the 
water-planes is small.* The height of the base of the beaches above the modern 
foreshore and the level of the amphitheatre which they enclose indicate that the 
shingle beaches were formed by a sea standing 6 feet above present sea-level. A 
comparable eustatic shoreline is described from the Queensland and Patagonian 
coasts.+ 


Tue Sanp RipGEs 


In the east of the ‘mainland’ sector, the sand ridges are seen to be younger 
than the beaches attributed to the 6 Foot Sea. Since the sand commonly reaches 
20 or 30 feet above the crests of the shingle beaches, it must have been deposited 
well beyond the reach of waves. One or two sections reveal characteristic wind- 
bedding, while the ridges themselves are impersistent, vary in height, and terminate 
in typical inter-dune hollows. Their interpretation as sand-dunes is confirmed by 
the archaeological evidence to be described below. 

The chief sources of sand are the northern and western beaches of Masbaai, 
whence the sand moves west and north with the prevalent south-easterly and 
southerly winds. Foredune formation is much slower on the western side of Cape 
Hangklip. The trend and form of the dunes on the ‘mainland’ have been modified 
by the T.M.S. ridges about which they have commonly grown, although the dunes 
run slightly more east-west. The peninsular dunes generally follow the trend of 
the shingle beaches, which they occasionally bury completely. 

There has recently been extensive wind erosion of the dunes fronting the 
‘mainland’, which formerly extended unbroken across the Palaeolithic site. The 
remnants of shell-cappings on the lower ground, the crusts of hardened sand on 
protected surfaces of rock outcrops, and the widespread erosion of the peaty soils 
thus uncovered all point to the extent of this removal. 


Tue PALAEOLITHIC SITE 


Overlying the rock and shingle of the old abrasion platform on the Palaeolithic 
or Earlier Stone Age site is a layer of consolidated black sandy peat 3 or 4 feet thick, 
in and on which occurred implements that, from a typological point of view, cover . 
the whole range of the Stellenbosch or African Chelles-Acheul Culture. Quartzite 
of the T.M.S. was the commonest material worked. This layer is followed by 4 to 

* The tidal ranges at Cape Hangklip are unlikely to exceed those at Simonstown, viz. 5 ft. 6 in. 
at springs and 4 ft. at neaps. 


+ See the following papers in the Rapport du Cong. Int. de Géog., Paris 1931. Tome ii: 
J. A. Steers: ‘Evidences of Recent Movements of Sea-Level on the Queensland Coast .. .’, pp. 164-73. 
E. Feruglio: ‘Prospetto riassuntivo dei terrazzi marini della Patagonia’, pp. 140-51 
Note, however, the critical review by Douglas Johnson—‘Supposed Two-metre Eustatic Bench of the 
Pacific Shores’ —on pp. 158-63 of the same volume. 
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5 feet of less consolidated black earth, matted with grass roots, on which lay a Still 
Bay assemblage, predominantly worked in surface quartzites. The Middle Stone Age 
occupation level was covered by dunes equivalent to those described from south of 
the site. Malan found Still Bay implements embedded in a layer of consolidated sand 
at the base of one dune. 

Early Stellenbosch implements formed a small proportion of the total collected, 
and some of these appeared to be rolled. The remainder, among which evolved 
Stellenbosch (IV-V) were most numerous, were unrolled and generally unpatinated. 
It is thus possible that the sea stood above the 20-25 Foot level during Early Stellen- 
bosch times, and certain that the site was most habited at the close of the Earlier 
Stone Age and during the Middle Stone Age. Two periods of maximum peat 
formation seem to have occurred, one before and one after the Late Stellenbosch 
industry. 

A palynological analysis of the peat by Dr. E. M. van Zinderen Bakker has 
shown it to have been derived from an oligotrophic bog vegetation. With a reason- 
ably heavy rainfall it may well have formed on the slope, fed by downhill seeping 
water, or in depressions where the sub-stratum was poor in lime. The peat accumu- 
lated in undrained hollows behind T.M.S. ridges running athwart the uneven 
slope of the abrasion platform. A notable sand content indicates some sand move- 
ment during the period of peat growth. An increase in sand blowing or an improve- 
ment in drainage may have put an end to its formation. 

The current dissection of the peat soils, locally exposing the underlying platform, 
has resulted from the establishment of drainage to the sea. This has followed the 
recent erosion of the dunes, since the stream shown in fig. 1 crosses the eroded area. 


THe SHELL CapPINGs 


Layers between 6 inches and 2 feet thick of closely packed marine shells cap 
most of the unvegetated dunes at Cape Hangklip. On other dunes, similar shell 
layers have been covered by further sand accumulation and the dune crests bear 
the usual cover of low bush. ‘Two or three layers may occur in the upper few feet 
of a dune. Their altitudes range from 30 to 40 feet to within a few feet above 
present sea-level, and individual layers are rarely horizontal over any great distance, 
frequently curving down as though conforming to original dune contours. Adjacent 
shell cappings do not necessarily lie at the same level. 

Shells of the following marine species* form the bulk of the dune cappings: 


Cominella spp. Patella compressa 
Haliotis midae longicosta 
Oxystele tigrinus tabularis 
Patella argenvillei Turbo sarmaticus, with numerous opercula. 


All are species living at present on the shores of Cape Hangklip. 
There is an observable concentration of two or three species in any one shell 
patch, suggestive either of deliberate choice or of seasonal variation in supply. With the 


* Land shells are numerous in the shell beds on the headland. 
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exception of occasional mounds of shell which have been buried or burned, the 
general condition is fresh, and does not indicate any great age. 

The interpretation of the shells as the kitchen middens of a shell-fish eating 
people has recently been questioned. The objection is based upon the great extent 
of the shells, their exposed and frequently inaccessible positions, the occurrence of 
shells too small to have provided food, the survival intact of gasteropod shells which 
should have been broken during removal of their contents, and the untrodden 
appearance of many of the original cappings.* Supporters of this view would 
restrict the term ‘midden’ to the occasional heaps of charred or broken shell and 
isolated piles of the shells of a single species, since they consider the bulk of the 
shells to be a marine deposit overlying beach-ridges or foredunes and accordingly 
related to a sea-level above the present. 

The shells overlie dune ridges which are younger than the shingle beaches of 
the 6 Foot Sea. Considering the small vertical range of the waves on most of the 
Hangklip beaches, a marine origin for the shell layers becomes impossible without 
postulating an extremely recent transgression of the order of 20 feet. This is incom- 
patible with the preservation of the shingle beaches. The arguments against a 
marine origin for the sand ridges must also apply with equal force to their shell 
cover. 

Along the present drift line one finds a few unbroken Oxystele shells and 
fragments of larger shells, with even smaller pieces of shell sparsely scattered higher 
up the beach. It thus appears inconceivable that innumerable shells could be 
deposited intact and in almost horizontal layers at the upper limit attained by 
storm waves, even should their vertical range be sufficiently great. 

Some shells cap remanié dunes which they have served to protect during the 
recent dune erosion. Many of the higher cappings are saddle-shaped, as though 
they had formed in hollows between low dune crests, and suggesting that deflation 
of the unprotected ridges had caused inversion of the original dune relief. Important 
changes of dune vegetation and dune outline have occurred since the area was 
aerially photographed in 1943, and the changes of a century or two may well have 
been sufficiently drastic to account for the present exposed positions of many of the 
shells. 

The shell deposits at the base of the cape are localized at the westerly termi- 
nation of the main dune system, so that dune extension must have reached its 
maximum prior to their formation. 

The strongest arguments in favour of a human origin for the shell beds are the 
abundance and uniformity of the associated artefacts. Only sufficient detail can 
be given here to establish that the shells contain a ‘Strandloper’ cultural assemblage. 

Crudely broken pebbles form the main stonework, although some Smithfield 
‘C’ implements occur. Fragmented pottery and the mortars and pestles probably 

* These arguments are set out fully by R. P. Gatehouse in “The Pre-Historic Site at Cape Hangklip’ 
(unpublished). The writer gratefully acknowledges permission to comment upon these unpublished 
views. The controversy is more than 150 years old. For a resumé of the earliest literature see: 


A. J. H. Goodwin (ed.): ‘A Commentary on the History and Present Position of South African Pre- 
history with full Bibliography’, Bantu Studies, vol. 9, 1935, pp. 282-417. 
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used in its manufacture are common. The discovery of iron nails beneath a layer 
of calcined shell proves that the period of occupation by the shell-fish eaters lasted 
into ‘European’ times and confirms the youthfulness of some of the deposits. On 
or near the shell beds are numerous pyramidal cairns and stone circles of different 
sizes which have been variously interpreted as stone graves, hut circles, and stone 
hearths. 

A major period of sand invasion thus separates the Earlier and Middle Stone 
Age industries of Cape Hangklip from the Neanthropic midden culture. Goodwin 
(1929) has described similar evidence from Noordhoek in the Cape Peninsula and 
from Pringle Bay, only three miles north of Cape Hangklip. From the Great Brak 
River, from Knysna, and from the type site comes a parallel history of dune formation 
after the Still Bay period. ‘The factors controlling littoral dune growth are admit- 
tedly complex, but these widespread examples demand some general cause, such as 
a change of climate or a slight withdrawal of the sea. 


Recent CoasTAL CHANGES 


With the account of the shell deposits, the geomorphology of Cape Hangklip, 
begun in the Middle Pleistocene, has been carried into historic times. The move- 
ments of sea-level described above have, however, brought in their train modifi- 
cations of the shoreline which remain uncompleted, and sand beaches and foredunes 
are forming in the embayments flanking the headland. Maximum progradation 
has occurred in Groot Baai, where the shore is being built round into a position of 
equilibrium, normal to the approach of the dominant waves. 
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Shell beds overlying a shingle beach of the 6 Foot Sea. 


Plate 1. 
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RESIDUAL CURRENTS 


By Epcar NEWBERY 


Department of Physical Chemistry, University of Cape Town 
(With seven text-figures) 


(Read November 21, 1951) 


The current flowing between two unattackable electrodes under the influence of a P.D. less than 
the decomposition voltage of the electrolyte has been investigated and found to be extremely complex. 

Curves have been constructed showing the variation of current with time, when the applied 
E.M.F. is changed by steps of +01 volt. These curves are not appreciably affected by change of 
shape of electrolysis vessel or distance between the electrodes, or by change of electrode from smooth 
Pt to smooth Au, but they are greatly altered (a) by change of mechanical condition of the electrode 
surface, (b) by ageing the electrodes by using them in these experiments for long periods, and (c) by 
using an electrolyte from which a metal instead of a gas tends to deposit on one electrode. 

Shaking an electrode or stirring the surrounding electrolyte during the application of an E.M.F. 
increases the current flowing if a gas tends to deposit on that electrode, but not if a metal tends to 
deposit. Increases up to 800% have been observed with freshly platinized electrodes and less than 
20% with aged smooth electrodes. 

The current passed is recoverable when used (a) in generating gas at one or both electrodes at 
low pressures, thus forming high-capacity condensers, (6) in charging these condensers, and (c) in 
generating more gas to replace that lost by diffusion into the electrolyte in the molecular state, and 
into the electrodes in the atomic state. 

A considerable proportion of the total residual current, usually over 80%, is irrecoverable, and 
only a very small fraction of the irrecoverable part can reasonably be accounted for by the normal 
processes of diffusion, etc. 

It follows therefore that at least 75% of the observed residual current is carried by some process 
which does not conform with Faraday’s laws. 

It is suggested that under the influence of a very high potential gradient across an attenuated 
gas-film covering the electrodes, electrons may be extracted or deposited with production of current 
not associated with the transport of ions through the electrolyte. 


INTRODUCTION 


When two unattackable electrodes are immersed in an electrolyte and a 
potential difference (P.D.) applied to them which is lower than the decomposition 
potential of the electrolyte, a current passes which rapidly falls to a small value. 
This small current is usually referred to as a ‘Residual Current’. 

The explanations offered in most text-books for these phenomena are vague and 
unsatisfying, no reasons being given for the large initial current, nor for the important 
time factor. Some authors ascribe the currents entirely to diffusion between the 
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electrodes, and even term them ‘Diffusion Currents’, whereas in the present work, 
although diffusion certainly occurs, it is only one of the factors concerned, and that 
between the electrodes is immeasurably small. 

Le Blanc has stated that every ion tends to remain in solution, and can only be 
deposited on an electrode when a definite P.D. is applied between that electrode 
and the electrolyte, this P.D. being identical with the back E.M.F. which the same 
discharged ion exerts in the process of re-ionization. 

This statement appears to be rigidly correct, but may be often misapplied if the 
nature of the surface upon which the ion is deposited is not taken into account. 
The published tables of deposition potentials are correct only when applied to 
metallic ions depositing on massive plates of the same element, or gaseous ions 
depositing from a saturated solution of the same gas at a pressure of one atmosphere. 

The deposition potential of metallic sodium is given in the tables as —2-7 volt, 
but this is reduced to less than half this figure when the sodium is deposited on a 
mercury cathode. Similarly, the single potential of a hydrogen electrode is lowered 
by 0-029 volt if the partial pressure of the H, gas is reduced to o-1 atmosphere. 

If therefore a P.D. less than the decomposition potential of water is applied to 
two platinum electrodes immersed in dilute H,SO,, hydrogen gas will actually be 
deposited on the cathode at a low pressure, although no gas is visible on the surface. 
This pressure may be calculated by measuring the single potential of the electrode 
against a hydrogen electrode (H, at 1 atm.), in the same electrolyte, and applying 
the equation E=RT/2F.log,P/P,. 

At the anode, the system is more complicated. The three ions OH’, SO", and 
HSO’, will tend to deposit in quantities determined by the anti-logs of their separa- 
tion potentials. At the very low current densities used in this work, the OH’ ion 
concentration, though very small, will still be sufficient to carry all the residual 
current, and since the deposition potential of this ion is much lower than that of 
SO", or HSO’,, the relative concentrations on the anode surface of the two latter 
discharged ions will be negligible. 

After the gas has been deposited on the cathode, the following possibilities 
arise : 


(a) It will tend to re-ionize and exert a back E.M.F. equal to that applied, thus 
tending to stop current flowing. This action will be practically instantaneous. 


(6) It may dissolve, without ionizing, in the electrolyte, in quantity proportional 
to the pressure of the gas on the electrode, thus allowing more ions to deposit. 
This action will take place slowly, but the speed will be increased by mechanical 
disturbance. The current thus produced constitutes part of the true ‘Diffusion 
Current’ and will be affected by the volume of the electrolyte, shape of cell, 
presence of depolarizers, etc. 

After dissolving in the electrolyte, the gas may migrate to the other electrode, 
and there be re-ionized with further production of current. This action will 
generally occur extremely slowly, and in the cell used in most of the present 
work, the current thus generated will be undetectable. 
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(c) It may dissolve in the atomic form in the electrode, in quantity proportional to 
the square root of the pressure, again allowing more ions to deposit. The 
current thus produced constitutes the remainder of the true diffusion current. 
This action will also occur slowly, but it will be unaffected by mechanical 
disturbance. It will be greatly affected by the nature of the electrode surface 
and by the previous history of the electrode. 

(d) Even when a very low E.M.F. is applied, the gas, when deposited, must be 
considered to form a gas-film over the whole electrode surface, which,* though 
very attenuated, effectively insulates the electrode from the electrolyte for this 
applied E.M.F. <A condenser is thus formed having a capacity of about 6 
microfarads per sq. cm. of electrode surface, and when a higher potential is 
applied, current will flow (1) to charge this condenser to the higher potential, 
and (2) to deposit more gas, thus increasing the density of the film without 
altering its thickness or the capacity of the condenser. 


At the anode, all the above considerations apply, but further complications 
arise due to the fact that two discharged OH ions must react with elimination of 
water before an atom of gaseous oxygen is produced. The re-ionization of this gas 
involves at least two steps: 

O + 2e = O" followed by O” + H,O = 20H’ 
or O + H,O = 20H followed by 20H + 2e = 20H’ 
or possibly O + e = O’,O’ + H,O = OH + OH’, OH + e = OH’. 
All of these steps are additional to the dissociation of the O, molecules by the solvent 
action of the platinum. 

Unlike the re-ionization of H,, at least one of the steps in each case appears to 
be a slow one, and with our present ignorance of the internal mechanism of the 
oxygen electrode, we cannot say which scheme is followed, or which processes are 
the slow ones. There is therefore considerable doubt as to the true pressure of the 
gas-film on the anode in equilibrium with any specified E.M.F. 


EXPERIMENTAL 


In order to determine the relative importance of the above factors, a series of 
experiments was carried out in which the current passing between two unattackable 
electrodes was measured when the applied E.M.F. was changed by regular small 
steps, the maximum E.M.F. being kept well below the normal decomposition 
potential of the electrolyte. 

The apparatus employed was of a very simple character, and is shown in fig. 1. 


A is a 45 amp-hour, 2-volt accumulator of low internal resistance, the E.M.F. of 
which could be relied upon to keep constant within +.0-05 volt for long periods. 


* Unfortunately this fact has been overlooked by certain workers in this field, and expressions such 
as ‘a mono-molecular film of gas’ are made use of without any specification of the pressure. Calculations 
of the number of molecules present in such a film appear in some cases to have been based upon the 
impossible assumption that the gas molecules are packed together over the surface in actual contact 
with each other: a condition which would involve a lateral pressure greater than infinity. Calculations 
of available surface area based upon such assumptions are of doubtful validity. 


i 
x 
4, 
| 
> 
Fs 
1 
1 
f 
ly 
4 
pes’ 
t. 
il 
n 
| 
1 
rt 


28 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


P represents a dial potential divider made up of 20 one-ohm coils. 


R is a steadying resistance of 1,000 ohms introduced in order to prevent accidental 
surges of current damaging the galvanometer. 


G is a dead-beat Moll galvanometer with a light-weight coil showing a rapid response 
to small currents. By means of the variable shunt S, the galvanometer deflections 
could be adjusted to read any required fraction of a micro-ampere, calibration 

being effected with the aid of a unipivot micro-ammeter. 


A 


= 


Fic. 1 


All the electrodes used were thin plates, 1 cm. square, and each pair before use was 

short-circuited in the appropriate electrolyte for periods from 1 to 24 hours. 
Three types of vessels were used for the experimental cell C. 

(1) A dipping conductivity vessel having two Pt electrodes fixed 1 cm. apart. 

(2) A 400 c.c. beaker with two similar electrodes in separate holders allowing 
adjustment of the distance between the electrodes from 0-5 cm. to 7 cm. 

(3) The double cell represented in fig. 1, consisting of two 120 c.c. end vessels 
connected by a glass tube, 25 cm. long and 0-75 cm. bore. 


In order to minimize disturbance due to concentration potentials, 5N H,SO, 
was used as electrolyte for most of the work. The resistance of cell 3 filled with this 
electrolyte was 120 ohms at 20°C. 

With the exception of a few preliminary experiments, all the work described 
here was carried out with cell 3. 

A series of P.D.s from o-1 to 1-0 volt was applied, increasing in steps of 0-1 volt 
at intervals of 1 minute, and then reduced from 1-o to 0-o volt in the same way. 
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REsSULTs 


Typical curves showing the variation of current, in micro-amperes, with time 
in minutes, are given in figs. 2-5 and 7. Fig. 2 was obtained with bright Pt elec- 
trodes after heating to redness and short-circuiting for one hour. 

Fig. 3 was obtained under similar conditions using freshly platinized electrodes. 
(Note that the vertical scale of fig. 2 is double that of fig. 3.) 

These curves are reproducible with fair accuracy, only when care is taken to 
repeat all the conditions. Change of cell produced no detectable effect, although 
the distance between the electrodes was varied between 0-5 and 30 cm. ’ 

On the other hand, the previous history of the electrodes has a remarkably 
great influence on the results obtained. This is illustrated in Table I where column 
(a) shows the current in micro-amperes passing between freshly flamed bright Pt 
electrodes, and column (6) the current between the same pair of electrodes after use 
for 5 similar series of observations. 


TABLE I 


Time Volt 


2°8 
28 13 
3 04 28 11 o9 34 17 13 
aS 15 18 15 70 4°4 
30 14 0% 30 60 36 
4 | o3 #9 50 28 14 
05 29 13 9 | tO) 35 17 14 
58 
42 15 
1g 
els 
AGEING EFFECT 
O4 It appears from the above table that the use of bright Pt electrodes in this way 
his produces a very marked ‘Ageing Effect’, the reduction of current being of the order 
of 50%. A further 3 runs with the same electrodes increased this effect to about 
ed 70%. <A similar effect is observed with platinized electrodes, but longer times are 
required to produce comparable results. 
olt 


A pair of platinized electrodes was subjected to a P.D. of 1-0 volt for 48 hours, 
when the current flowing had fallen to 7-5 micro-amperes. On reducing the P.D. 


29 
Time Volt a 6 Time\Volt' a 6 «a b Time Volt a b 
24 10 5 | 06) go 14 10 Og —2 15 O04 —25 —13 
15 06 oF 15 3°4 15 +16 15 +02 oo 
30 | og | | go) 3°0 30 32, 17 30 o4 
1 04 oo 28 o8 30 «616 16 ob 
1 26 8 6 32 15 11 —12 —6 16 —25 —12 
15 o-2 15 4°6 2-2 15 +18 +08 15 | —orl 
30 o6 30 4:0 18 30 og 30 +o2 
2 o6 o1 7 3°2 16 12 o8 (17 oo pars 
2 27 10 7 (32 15 12 OF —12 17. o2 —26 —15 
15 O2 15 56 15 +12 +04 15 —o-6 —o-2 
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by o-1 volt steps as before, the reverse current obtained was less than half that ob- 
tained from fresh electrodes. A subsequent run with the same electrodes gave a 
curve in which the peaks were only 10% less than those in fig. 3, but the total 
current was reduced by about 75%. 

Short-circuiting freshly prepared electrodes before use for periods of from 1 to 
24 hours, does not produce ageing, nor does similar treatment produce any detect- 
able effect on aged electrodes. 

Washing, drying and exposing aged electrodes to air for two days left the 
electrode properties quite unchanged. 

Time alone does not produce ageing. A pair of bright electrodes, fused into a 
conductivity cell and left for three years before use, gave initial curves identical with 
those obtained from freshly flamed electrodes. Reversing the direction of the 
current through the cell does not remove ageing, but the original capacity may be 
completely restored to platinized electrodes by cleaning and re-platinizing, and to 
bright electrodes by heating to bright redness in a clear bunsen flame. A consider- 
able part of the original capacity may even be restored by immersion in boiling 
distilled water for one minute. 


EFFECTS DUE TO PRESENCE OF FREE O, or Hy 


Certain authors* have attached great importance to the influence of traces of 
oxygen in the electrolyte on electrode-potential measurements, including over- 
voltage measurements with comparatively large currents flowing. 

The conditions of low applied E.M.F. and very small currents prevailing in this 
work should be ideal in showing such influence if it exists. With this in view, a 
number of experiments were carried out with a pair of bright Pt electrodes which 
were flamed before each run. The electrolyte (5N H,SO,) was treated as follows: 


(a) Exposed to air for two days before use. 

(6) Boiled for two hours and cooled out of contact with air. 

(c) Saturated with O, by bubbling the pure gas through it for two hours. 
(d) Saturated with H, in the same way after treatment as in (6). 


The curves obtained in (a), (b) and (c) were identical within the limits of 
experimental error. Reproducibility was good, and the freshly flamed electrodes 
quickly settled down to equal potentials. Ageing occurred normally. 

Curves obtained in (d) were markedly different from all the others. Five 
complete runs were made, three with freshly flamed electrodes and two with elec- 
trodes aged for one run only, but the reproducibility was so poor that definite 
trends were difficult to recognize. Electrodes required from three to six times as long 
to settle down to equal potentials, ageing was so rapid and irregular that current 
trends were sometimes reversed, and the reverse currents observed in all other 


* Bowden and others, Proc. Roy. Soc. A. 120 (1928), p. 60; 125 (1929), p. 446; 126 (1929), p. 107; 
128 (1930), p. 317. 


4 
4 
2 
2 BE 
@ 
¢ 
= 
3 M 
| ag 
hi 
° 
bed 
= 
A 
ig . 
-2 
haus 
A 


TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


32 


experiments were almost obliterated. In general, the residual currents observed were 
much greater than in the cases (a), (6) and (c) above. 

It appears therefore that hydrogen, and not oxygen, may be a source of serious 
error in electrode-potential measurements, this conclusion being well illustrated by 
the erratic behaviour of unplatinized hydrogen electrodes. Nevertheless, the above 
authors have actually used hydrogen to remove the supposed influence of oxygen 
on such electrodes. Experiments were also carried out with well-aged electrodes in 
electrolytes (a), (6) and (c) above, and the resultant curves again showed that 
oxygen had no measurable effect. 

Finally a series of experiments was carried out using freshly platinized electrodes 
in the same electrolytes. Again the curves obtained in (a), (6) and (c) were identical 
with fig. 3 within the limits of experimental error, but the curve obtained in (d), 
shown in fig. 4, which is drawn on the same scale, differs markedly from the other, 
mainly in the outer sections where the applied E.M.F. is small. It is evident that 
in this case, the electrodes are tending to show the behaviour of non-polarizable 
hydrogen electrodes, but this tendency is largely smothered by the applied E.M.F., 
which, even at the lowest values, is at least 1,000 times as great as would be applied 
in a routine potentiometric measurement, 


EFFECTS DUE TO MECHANICAL DiIsTURBANCE 


Shaking the electrodes or stirring the H,SO, electrolyte always increases the 
current, but the extent of this increase varies greatly. 

When a P.D. of 1 volt had been applied to a pair of freshly flamed bright Pt 
electrodes for 15 minutes in cell 3, the current was fairly stable at 10 micro-amps. 
Shaking the cathode or stirring the catholyte raised this current to 12 micro-amps. 
Shaking the anode in the same way raised it to 22 micro-amps, and on allowing the 
electrode to rest again, 2 minutes elapsed before the current returned to its original 
value, as compared with 30 seconds in the former case. 

The same electrodes were then treated with a P.D. of 1 volt for 3 days, when 
the current had fallen to 1-o micro-amp. Shaking the cathode now raised this to 
1-2 micro-amp, and shaking the anode, to 1-5 micro-amp. Using platinized 
electrodes in the same way, after 2 hours with 1 volt, the current was 18 micro-amps. 
Shaking the anode raised this to 40 micro-amps with a rapid fall on resting, but 
shaking the cathode raised it to 80 micro-amps with a very slow fall on resting. 

The same two electrodes were now interchanged and 1 volt applied until the 
current had again fallen to 18 micro-amps. Shaking the anode now raised this 
only to 30 micro-amps, but shaking the cathode raised it to 150 micro-amps. 

The same electrodes were now treated with 1 volt for 48 hours, when the current 
had fallen to 7-5 micro-amps. Shaking the anode then raised this to 28 micro-amps, 
but shaking the cathode to only 16-5 micro-amps. Ageing the electrodes therefore 
not only greatly reduces the effect of mechanical disturbance, but in the case of 
platinized electrodes it reverses the relative effects on anode and cathode. 

The following scheme shows these results in tabular form: 
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TABLE 2 
Al rest. | Anode shaken. Cathode shaken. 
Fresh electrodes Bright 10 22 12 micro-amperes. 
Platinized 18 { 40 
30 I 50 ” ” 
Aged Electrodes Bright I 1°5 
Platinized 15 8 165 , » 


This mechanical treatment certainly disturbs the layer of electrolyte in contact 
with the electrode, but with such small currents in this concentrated electrolyte, the 
difference of concentration of acid between this layer and the bulk of the electrolyte 
is too small to produce any appreciable change of P.D., and the main cause for the 
observed effects must be due to changes of concentration of gas, either on the elec- 
trode or in the above layer of electrolyte. In either case, a lowering of the gas 
concentration will allow further current to pass, and the greater surface area of the 
platinized electrodes, together with the greater porosity of the electrode surface 
enclosing larger volumes of electrolyte, accounts for the greater percentage effect of 
shaking these electrodes. 

The effect of mechanical disturbance on the single potentials of similar electrodes 
in presence of O, or H, but with no current flowing has been discussed by E. Newbery 
and G. A. Smith, Trans. Electro-Chem. Soc. 73, p. 274, 1938. 


Discussion. (a) Recoverable Currents 


Assuming the mass of the H atom to be 1-66 x 10°*4 gm., one micro-coulomb 
will deposit 10'*/1-6 atoms. ‘The number of atoms of H in 1 c.c. gas at 20°C. and 
760 mm. pressure is about 5 x 10!* and since the diameter of the H atom is approxi- 
mately 2 x 10 § cm., the number of atoms in a monatomic layer at this pressure will 
be 10!” per sq. cm. 

Hence the current required to deposit a monatomic layer of hydrogen at a 
pressure of 1 atm. on both sides of the bright Pt cathode used in this work will be 
2 1°6 x 10!?/10'3=0-32 micro-coulomb. This pressure of 1 atm. will be attained 
only when the applied P.D. is equal to the decomposition potential of the electrolyte. 
Since the potentials used in this work were always considerably less than this, the 
equilibrium pressures (which are logarithmically proportional to the applied poten- 
tials) must be very much less than 1 atm. 

It follows that even allowing for a considerable error in assuming the electrode 
area to be 2 sq. cm., the actual quantity of current used in depositing a monatomic 
layer of H at the highest pressure here employed is only a small fraction of a micro- 
coulomb, and therefore negligible in comparison with the currents actually observed 
in this work. 

Again, assuming that the decomposition potential of the electrolyte used is 
1:24 volt, when the maximum P.D. of 1 volt was applied, the equilibrium pressure 
at the H electrode is approximately 10“ atm. At this pressure the solubility of 
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H, at 20°C. is 1-6 10°75 gms. in 100 c.c., and this requires about 1,500 micro- 
coulombs or a current of 25 micro-amps for 1 minute. Referring to fig. 2, it will 
be seen that this quantity of current was passed between the fifth and tenth minutes. 
Apart from the fact that it is highly improbable that the whole 100 c.c. of the elec- 
trolyte could be saturated with gas in such a short time and without stirring, we have 
a considerable quantity of current to account for in excess of that which could be 


ascribed to solution of gas in the electrolyte. 

In order to confirm the presence of dissolved gas in the electrolyte, a P.D. of 
1 volt was applied for 1 hour to a pair of platinized Pt electrodes in cell 3. The 
current then flowing was 14 micro-amps. ‘The applied P.D. was then removed and 
these electrodes replaced by a pair of freshly flamed bright Pt electrodes which had 
been short-circuited for 1 hour in 5N H,SO, in a separate vessel. On connecting 
these to the galvanometer, a current of 5 micro-amps falling to 1 micro-amp in 
2 seconds, 0-5 micro-amp in 10 minutes, but persisting at 0-2 to 0-1 micro-amp for an 
hour, was observed. It is thus possible to ‘recover’ between 500 and 1,000 micro- 
coulombs by re-ionization of the dissolved gas. 

The absorption and diffusion of gas from the anode will be dealt with in the 
next section. 

Two further channels are open for the absorption of current in this cell: 
charging the condenser system already referred to, and diffusion of gas into the 
electrodes. The condenser formed by the metal : gas-film : electrolyte combi- 
nation has a capacity of the order of 20 micro-farads* for the bright Pt electrodes 
used, since the gas-film remains of monatomic thickness, although its density increases 
with the applied E.M.F. This capacity however will only remain constant if the 
mechanical condition of the electrode surface is unaltered by subsequent treatment. 
Hence each change of 0-1 volt in the applied P.D. involves a quantity of current of 
about 2 micro-coulombs, and this is responsible for the fact that the peaks on the 
curve in fig. 2 are all of approximately the same length, whether positive or negative. 
The greatly increased height of the peaks when using platinized electrodes is due to 
the much greater surface area available, but it is very unsafe to assume that the 
capacity of such an extremely ‘crumpled’ surface is proportional to its area. The 
very marked shortening of the peaks on ageing the electrodes is much more difficult 
to explain. It is possible that the ageing treatment closes up some pores or irregu- 
larities on the electrode surfaces, but it is not easy to visualize how this could reduce 
the available surface to less than half that of a polished Pt electrode, nor how the 
original surface can be largely restored by merely heating to 100°C. without pro- 
ducing any change of appearance even under the microscope. Finally it is well 
known that hydrogen is dissolved in the Pt cathode and oxygen in the anode, both 


* This value, which is calculated on the assumption that the thickness of the dielectric is the 
diameter of the H atom, was proved to be approximately correct by substituting a 20 micro-farad 
condenser in place of the cell C. The heights of the peaks obtained were nearly the same as those 
shown in fig. 2. 

This condenser must not be confused with the ‘double layer’ of Helmholtz, Gouy or Stern, which 
has no appreciable influence under the conditions of high electrolyte concentrations and very small 
currents used in this work. (See 7. Far. Soc. 294, vol. xliii, p. 130.) 


: 
i 
| 
s 
t 
3 
tl 
‘ 
: n 


ch 
all 


RESIDUAL CURRENTS 35 


in the monatomic state, and a large part of the reverse current obtained is due to the 
re-ionization of this dissolved gas. 


(6) Irrecoverable Currents 


From examination of the curves in figs. 2 to 5, it is evident that the area 
enclosed by these curves above the zero-current line is considerably greater than that 
below. This means that a large part of the current passed through the cell is 
apparently lost, and the question as to what has become of this current has not yet 
been satisfactorily answered. 

If we accept the statement that Faraday’s laws apply rigidly to this system, 
current can only be carried when ions are discharged, and it follows that a quantity 
of hydrogen and oxygen has apparently vanished. The theory that the gases 
diffuse through the electrolyte and re-combine at the opposite electrodes cannot 
account for more than a very minute fraction of the loss in a cell of type 3, since the 
known velocity of diffusion is far too small. Furthermore it has already been stated 


that change of cell and the use of air-free electrolyte produced no measurable effect 
on the curves. 


The absorption of gas by the electrodes cannot account for the loss since such 
absorption is reversible, and the time required for gases to diffuse back to the surface 
of these thin Pt plates (0-15 mm.) is quite short. Also an experiment using bright 
gold electrodes gave a set of curves very similar to those obtained with bright Pt, in 
spite of the fact that the solubility of hydrogen in gold is much less than in platinum. 

Absorption of gas by the electrolyte also presents many difficulties. When a 
P.D. of 1 volt was applied to a pair of platinized electrodes, the current flowing 
after 2 hours was 20 micro-amps, and after 18 hours it was 12 micro-amps. Assuming 
an average of 15 micro-amps, this amounts to a total of approximately 1 coulomb, 
which would liberate o-1 c.c. of H, and 0-05 c.c. of Og measured at N.T.P. The 
absorption coefficients of these gases in water at 20 C. are 0-018 and 0-03 respectively. 
Under the conditions of the experiment, the partial pressure of H, in the air is 
practically zero, and at first sight it would appear possible to account for the loss by 
assuming that even at the very low pressure at which this gas is generated, it may 
diffuse and escape into the air at sufficient speed to prevent the electrolyte becoming 
saturated at this pressure. Unfortunately this explanation is ruled out by the fact 
that the discrepancy between forward and reverse current is greatest, and not least 
as would be expected, in the case of bright Pt electrodes in electrolyte saturated with 
H, gas. The relative discrepancy is less in the case of platinized electrodes in the 
same electrolyte, both forward and reverse currents being increased by the presence 
of the H, gas, but the absolute discrepancy is much the same as before. 

Similar reasoning applied to the anode involves similar difficulties. The 100 c.c. 
of electrolyte present is able to absorb 0-6 c.c. of O, measured at N.T.P. before 
attaining equilibrium with the air, whereas only 0-05 c.c. has been liberated, but 
the pressure of O, in equilibrium with the anode under the conditions of this experi- 
ment is only 10°§ atmosphere, and even so-called air-free electrolyte will contain 
more O, than this. Instead of oxygen dissolving off the electrode therefore, we 
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would expect it to deposit from the solution, and it is difficult to understand why any 
current flows under these conditions. 

For the same reason, we would expect to find a diminution of current on 
shaking the anode, whereas an increase was observed in every case. The whole 
problem appears to be intimately connected with the more important one of the 
irreversible nature of the oxygen electrode, and an adequate solution of one of these 
problems would probably lead to a solution of the other. The oxygen, after depo- 
sition on the anode, appears to become partially ‘immobilized’ by one or more of 
the secondary reactions already mentioned, and rendered incapable of exerting the 


theoretical back E.M.F. 


EXPERIMENTS IN HCl ELECTROLYTE 


In order to examine how far the electrolyte itself is responsible for the observed 
phenomena, a number of experiments were made using 5N HCl in cell 3. 

Fig. 5, which is drawn on the same scale as fig. 2, illustrates the behaviour of 
freshly flamed bright Pt electrodes in this electrolyte. The most striking feature of 
this curve is the fact that the lengths of the peaks at the lower P.D.s are only one- 
half those obtained in H,SO, electrolyte. Since these peaks are determined by the 
capacity of the electrolytic condensers, it appears that only one electrode is covered 
with a gas-film under these conditions, and this is probably the cathode. This 
might be due to the chlorine dissolving off the anode as fast as it is deposited at the 
lower current densities, but after applying a P.D. of 1 volt for 24 hours, no trace of 
free Cl, could be detected in the anolyte. Also it is highly improbable that a film 
of chlorine could form over the anode even with the highest P.D. owing to the 
comparatively high solubility of this gas. 

A more probable explanation is that the Pt anode is attacked when the P.D. is 
low, but becomes passive when the applied E.M.F. exceeds 0-5 volt. This behaviour 
is quite in accordance with that of well-known passive electrodes (e.g. Fe or Ni in 
dilute H,SO,). When the chlorine has been deposited on the passive electrode, it 
may react with water to form HCl (possibly assisted by the catalytic action of the 
Pt) with liberation of oxygen to form the dielectric film of the anodic condenser. 

The discrepancy between the quantities of direct and reverse current is very 
marked in this case. On the other hand, ageing of the electrodes occurred as before 
and the effect of stirring thé electrolyte or shaking the electrodes was very similar to 
that observed in H,SQ,. 


SEPARATE ELECTRODE POTENTIALS 


The question now arises as to whether it is possible to determine if one of the 
electrodes in a given cell is more responsible than the other for the observed loss of 
current. 

Two methods of attack are available for this purpose: (1) the single potential 
of each electrode may be measured against a subsidiary standard electrode, and (2) 
an electrolyte may be chosen in which an insoluble solid is deposited in place of a gas 
on one of the electrodes. 
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Fig. 6 shows the changes of S.P. of each of two bright Pt electrodes in 5N H,SO, 
as the applied E.M.FP. is raised from 0-1 to 1-0 volt, and lowered again to zero, each 
step of o-1 volt occupying 2 minutes. Potentiometer readings were taken against a 
normal mercurous sulphate electrode at the end of 1 minute after each change of 
applied E.M.F., the tip of the standard electrode being placed close behind the 
experimental electrode. 

There is a marked hysteresis effect tending to raise the S.P. of both electrodes, 
and this may be due to ageing, but the curves for anode and cathode are so much 


CURRENT IN MICRO-AMPERES 
| 
= 
| 


bic. 7. Pt in M CuSO, Ey 
alike that it is not possible in this case to ascribe the major loss of current to the : 
influence of either electrode. 

Figs. 7 and 8 were obtained when a 2N CuSQ, solution was used with freshly 
flamed bright Pt electrodes in cell 3, the resistance now being 1,900 ohms. 

Fig. 7 shows that a much greater loss of current occurs in this electrolyte than 
in H,SO, (fig. 2), the forward current being approximately ten times that observed ; 
in the reverse direction. The contrast between this figure and fig. 5, obtained with 4 
HCI electrolyte is remarkable. The decomposition potentials of these two electro- 
lytes are very similar (1-5 and 1-3 volt respectively), and yet the current obtained in 
the former with applied E!M.F. up to 0-5 volt is many times greater than that 
obtained in the HCl, and is also but little changed as the applied E.M.FP. is raised to 
1 volt, whereas in the HC] the current between 0-5 and 1-0 volt is about twenty times 
that between o-1 and 0-5 volt. It is also notable that the reverse current obtained in 
the CuSO, electrolyte is large, whereas that in HCl is very small. 

Fig. 8 shows the changes of single potential of the separate electrodes in the 
CuSO, electrolyte. Here the hysteresis effect is very small, indicating little ageing | 
effect, and the anodic and cathodic curves are markedly different. The S.P. of the , 
cathode at first falls steeply until it reaches a value of about 0-3 volt negative to the ; ' 
standard electrode with an applied E.M.F. of 0-4 volt, after which it is nearly constant. 

This S.P. of 0-3 volt is approximately that of a Cu electrode in this electrolyte. : 
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As the applied E.M.F. is increased above 0-4 volt, the increase is taken up by 
the anode and the anodic S.P. curve rises steeply. 

Ageing effect in this electrolyte was much less than that observed in H,SO,. 
When a P.D. of 1 volt was applied to this cell with freshly flamed bright Pt electrodes, 
the current after 10 minutes was 20 micro-amperes compared with 10 micro-amps 
for the same electrodes in the acid electrolyte. Twenty-four hours later, this current 
had only fallen to 15 micto-amps, whereas under similar conditions in H,SO, the 
observed current was less than 2 micro-amps. 

The effect of mechanical disturbance also was strikingly different in the CuSO, 
electrolyte. 

After 24 hours with an applied P.D. of 1 volt, shaking the cathode had no 
effect. On the other hand, the anode was extremely sensitive, slight disturbance 
doubling the current, whereas vigorous shaking raised it to over 120 micro-amps. 
This confirms the conclusion previously arrived at, that changes of current induced 
by shaking the electrodes are due to disturbance of a gas-film on those 
electrodes. 

Since the two electrodes in this electrolyte show such marked differences with 
respect to S.P. changes and shaking effect, it appeared of interest to examine whether 
the ageing effect showed similar differences. 

In order to do this, the previous experiment was repeated using 2 anodes and 
2 cathodes, all four of bright Pt, and flamed before use. After 24 hours with 1 volt, 
the current was 20 micro-amps, and the applied E.M.F. was then reduced to zero. 
The two anodes were now used in a standard run in the same electrolyte when 
marked ageing was observed. The height of the peaks was reduced by 20 to 30% 
and the total current by about 80%. 

When the two cathodes‘were treated in the same way, almost identical figures 
were obtained: a somewhat unexpected result, which shows that the ageing effect is 
due solely to electrical strain and not to deposition of gas. 

In the two experiments just described, a current of about 20 micro-amperes 
was passed for 24 hours, and if Faraday’s laws are obeyed, 0-5 milligram of copper 
should be deposited on the cathode: a quantity readily detectable by chemical 
means. When these cathodes were washed, warmed with 0-3 c.c. conc. HNO, fol- 
lowed by excess conc. NH, solution, making 2 c.c. in all, no trace of blue colour 
could be detected. A solution containing 0-5 mg. of Cu as CuSQ, in 2 c.c. of water 
shows a definite blue colour, and when diluted 100 times and treated with excess 
NH,OH, colour could be clearly observed in 1 c.c. We are therefore forced to the 
conclusion that although some metallic copper is deposited, as evidenced by the 
change of S.P., the total quantity is much less than 1%, of that required by Faraday’s 
laws. Whereas it is easy to visualize a gas such as H, diffusing off the cathode and 
finally escaping into the air, it is quite otherwise with solid copper,* and in this 
case, at least, we cannot account for the loss of current by assuming diffusion of 
deposits from the electrodes. Also since copper is deposited on a cathode much 


* Even if the copper were deposited and re-dissolved, it can only go into solution in the ionic 
state, and the process of re-ionizing would afford a large reverse current which did not occur. 
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more easily than hydrogen, we cannot even assume that hydrogen is liberated along 
with the copper. 

These experiments therefore afford direct proof that some agency other than 
transport by ionic discharge is responsible for carrying a considerable proportion 
of the residual currents which pass between two electrodes under the influence of 
an applied E.M.F. less than the decomposition potential of the electrolyte. 


CONCLUSIONS 


The problem of accounting for this breach of Faraday’s laws is a difficult one. 
One possibility is that strong electrolytes may contain a very small proportion 
of free electrons or electron holes capable of carrying current without transport of 
ions. 

Dr. Carl Wagner, of the Massachusetts Institute of Technology, in a private 
communication, has examined this proposition by applying the law of mass action 
to the equation 
and on this basis calculates the maximum current to be of the order of 10! ampere, 
which is too small to account for the observed losses. It is possible that at the 
extremely low gas pressures in equilibrium with the electrodes in these experiments, 
the activities of these gases are not proportional to their partial pressures, but the 
observed effects of electrode disturbance are not explainable on this basis. 

A more probable explanation is that under the conditions of great electrical 
strain existing at the electrodes, some electrons may be torn away from one electrode 
and a corresponding number deposited on the other. Although the maximum 
P.D. between electrode and electrolyte may be only 0-5 volt, this fall of potential 
occurs over an extremely short distance: in the case of a cathode in acid it is 
2x10%cm. Hence the potential gradient at such an electrode is of the order of 107 
volts per cm., and under such a strain it appears possible that currents similar in 
nature to thermionic currents may be produced. If this is the case, we might expect 
a rise of temperature would increase the loss of current. 

In order to test this conclusion, the experimental conditions used to obtain 
fig. 2 were repeated, except that instead of working at 20°C. the temperature 
was raised to 55°C. at the beginning, and fell to 40°C. at the end of the experi- 
ment. The height of the péaks was increased by about 30%, but the remainder of 
the curves by 10% only; an inconclusive result. Possibly expansion of the gas-film 
with rise of temperature lessens the potential gradient and partly compensates for 
the thermionic effect. 

This theory implies that Faraday’s laws cannot be applied with perfect exacti- 
tude to electrolysis in which a gas is liberated, but the possible error is too small to 
affect even the most accurate measurements of gas-volumes. Referring to fig. 3, 
where the excess of direct over reverse current is a maximum, this excess amounts to 
about 10 milli-coulombs in a period of 20 minutes. This would deposit only 107 gm.- 
equivalent, a quantity much less than the probable experimental error in a gas 
coulometer. 
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In a silver or copper coulometer, the P.D. used never approaches 1 volt, and 
since no gas is liberated at either electrode, there is no steep potential gradient, and 
error from this source vanishes. 

The effects of electrode disturbance are also readily explained on the basis of 
this theory, since it is evident that the disturbance of a gas-film covering an electrode 
will allow freer passage of electrons. Also since there is no gas-film on the cathode 
in the CuSO, electrolyte, disturbance of this electrode has no effect on the current. 
The greatly enhanced effect of disturbing the anode in the same electrolyte is due to 
the fact that with a total P.D. of 1 volt, there is a greater potential gradient at this 
electrode than at the corresponding electrode in H,SO, (see figs. 6 and 8). 

The ageing effect on the electrodes is more difficult to account for, especially 
when its magnitude is considered. The fact that ageing is observed at a Pt cathode 
in CuSO, electrolyte shows that it is not dependent upon deposition of gas. It is 
possible that the electrical strain imposed on the electrodes may produce a stable 
physical effect comparable with work-hardening, and this in turn may increase the 
work factor involved in removing or adding electrons, but this does not account for 
the 75% reduction in the recoverable as well as the irrecoverable current observed 
in some cases. Further work on this subject is required before a satisfactory 
explanation can be offered. 

A further ageing effect was also observed, but this is very slow and acts in the 
opposite direction. After a given pair of bright Pt electrodes had been in use for 
several months, it was found that the curves obtained when using the freshly flamed 
electrodes had increased in magnitude by over 50%. This is probably due to slight 
break-up of the electrode surfaces by the repeated changes of electrical strain to 
which they have been subjected, and possibly also to repeated heating and cooling. 
The effect is too small to produce any change of appearance under the microscope. 
A similar effect can be produced in a few minutes by applying a high current 
density (E. Newbery, Tr. Chem. Soc. 1914, 105, p. 2627). The original state can be 
restored by hammering or rolling. 
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ON THE WHAITSIIDAE, 


A FAMILY OF THEROCEPHALIAN MAMMAL-LIKE REPTILES 


By A. S. Brink, M.Sc., Pu.D. 
Bernard Price Institute for Palaeontological Research 
University of the Witwatersrand 


(Communicated by C. J. vAN pER Horst) 
(With seven text-figures) 
(Read May 16, 1951) 


The distinctive characteristics of every genus and species belonging to, or related to, the family, 
Whaitsiidae, are described. Special attention is given to interrelationship. Ten genera and twenty 
species are described or discussed, including one new genus and five new species. Attempts are made 
to illustrate their relationship in the form of a genealogical tree and the genera are discussed in the 
order Promoschorhynchus, Moschorhynchus, Whaitsia and Notosollasia, starting with the primitive new genus 
and proceeding in the order of specialization. The relationship of the genus Moschorhinus is then 
discussed and thereafter the incompletely known genera Alopecopsis, Notaelurops, Aneugomphius, 
Theriognathus and Hyenosaurus. The new species described are Promoschorhynchus  platyrhinus, 
Moschorhynchus brachyrhinus and M. gracilis, Notosollasia boonstrai and N. longiceps. 


In this account of the Whaitsiidae, ten genera and twenty species are discussed, 
including one new genus and five new species. The order in which the genera 
are discussed below will conform to the family tree as illustrated in figure 1. 


Although the new genus clearly branched from a form like Moschorhinus, this specimen 
will be discussed first. 


Promoschorhynchus platyrhinus gen. et sp. nov. (fig. 2) 


This new genus and species is based on the snout of an individual which could 
have had a total skull length of 150 mm. Although a portion of the interorbital 
region is present, no trace of the orbital margin is included in the specimen. As 
preserved the specimen is 83 mm. long. Its snout is 40 mm. broad and the nasals 
measure 23 mm. from side to side. A prominent ridge extends longitudinally over 
the interorbital portion. This ridge is also present in Moschorhinus. 

The snout has a very similar build to that of Moschorhinus, especially in the 
shape and dimensions of the external nares. In proportions it differs from Mos- 
chorhinus, but agrees with Moschorhynchus. In the latter, too, the characteristics of 
the external nares agree with Promoschorhynchus. These characteristics of the external 
nares of Moschorhinus, Promoschorhynchus and Moschorhynchus differ quite considerably 
from those of Whaitsia and Notosollasia. In the latter two genera the external nares 
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agree very well. The most conspicuous difference between the former three and 
the latter two genera is that in the former the nares are dorso-ventrally flattened, 
very near to each other and extend laterally. In the latter two genera the nares are 
not so close together; they are high and narrow. This is largely a result of the fact 
that the former have broad and flat snouts, whereas in the latter the snouts are high 
and narrow. 


<— 
Notaelurops 


Fic. 1. Diagrammatic representation of the family tree of the Whaitsiidae. 


Promoschorhynchus platyrlanus has five incisors. Both the canines are broken off 
and there is no trace of replacement. The roots of four small post-canine teeth are 
distinguishable on both sides. 

Medially to these post-canine teeth, on each side, is a smooth surface, rather 
groove-like, on which the lower jaw closed. From the characteristics of this groove 
it can safely be deduced that the lower jaw had no post-canine teeth. A similar 
surface, not quite a groove, is encountered in Moschorhinus, also showing clearly that 
there could have been no post-canine teeth in the lower jaw of this genus. In all 
other genera of this family, that is in the genera without any molars, ridges extend 
from the canines backward and the lower jaw closed on to the medial slopes of these 
ridges. No particular surface is distinguishable. 
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The secondary palate is as far developed as in Whaitsia. In the latter some 
degree of reduction in the size of the anterior portions of the palatines has taken 
place. As in Whaitsia, the secondary palate is formed by the anterior ends of the 
palatines and the vomer. The portions of the palatines partaking in the con- 
struction of the secondary palate can hardly be called palatal processes, as they do 
not extend far towards the middle line of the palate. 

This specimen very clearly belongs to a new genus and I propose the name 
Promoschorhynchus platyrhinus, generically because it is quite likely an ancestor to 


Fic. 3 Fic. 4 


Fic. 2. Ventral view of the snout of Promoschorhynchus platyrhinus gen. et sp. nov. (x 4) 
Fic. 3. Ventral view of the skull of Moschorhynchus brachyrhinus sp. nov. (* 4) 
Fic. 4. Dorsal view of the skull of Moschorhynchus brachyrhinus sp. nov. (* 4) 


Moschorhynchus, and specifically because of the dorso-ventrally flattened character- 
istic of the external nares. This specimen was discovered by Mr. J. W. Kitching on 
the farm Wilgerbosch in the New Bethesda district. It is numbered 192 in the 
collection of the Bernard Price Institute. 


Moschorhynchus latirostris Broom 


Type: Transvaal Museum, No. 246, complete skull. 
Locality: Wilgerbosch, New Bethesda. 
1936, Broom, R. Ann. Transv. Mus., vol. xviii, p. 365, figs. 12, 13. 


The type specimen is a fairly complete skull without a lower jaw. In the 
Transvaal Museum there are two more specimens exhibited with the type, which 
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were supposed to belong to the same species. One of these was reconstructed on 
very fragmentary portions of a skull, to which, at first, a lower jaw was considered 
to belong. This lower jaw, together with the fragmentary portions of the skull, was 
described in 1935 by Broom as belonging to a new form, which he called Hyenosaurus 
platyceps (Ann. Transv. Mus., vol. xviii, p. 59, fig. 2). The skull is now believed to 
belong to the genus Moschorhynchus, but the lower jaw differs completely from the 
lower jaw of the third specimen (No. 2038). The third specimen is a complete 
skull with lower jaw and there can be no doubt that it is a Moschorhynchus latirostris. 


Moschorhynchus brachyrhinus sp. nov. (figs. 3 and 4) 


This species is based on a nearly complete skull, without lower jaw, found by 
Mr. J. W. Kitching on the farm Hoeksplaas in the Murraysburg district. It is 
numbered 149 in the collection of the Bernard Price Institute. 

This specimen is very similar in proportions to Moschorhynchus latirostris but 
differs in some minor details. The snout of the new species is flatter, broader 
and shorter. The orbits are relatively much smaller and the interorbital region 
broader. This region is also more depressed than in M. latirostris and is bounded 
posteriorly, on the margins of the temporal fossae, by more prominent and sharper 
ridges. The temporal fossae are shorter antero-posteriorly, compared with their 
breadth, and the breadth of the skull, measured across the squamosals, is also 
relatively less than in M. latirostris. The zygomatic arches of the new species are 
curved more convexly outward and the postero-lateral angle of the temporal fossa 
is less acute and more rounded. The snout is slightly narrower in the middle of 
its length than in the region of the canines, whereas in M. latirostris the snout has 
the same breadth in the two regions. The postorbital bars are more slender and 
less curved. They have a greater vertical height than an antero-posterior thickness, 
whereas in M. /atirostris the opposite is found. 

There are distinct suborbital foramina in the new species. In M. latirostris 
these foramina are nearly lost. 

The following are the chief measurements: 


Breadth across the squamosals 

Breadth between orbits 28 

Breadth of middle of snout. . 

Breadth of anterior portion of snout 

Total length of orbit (antero-posterior) 

Length of skull to occipital condyle 

Length of skull to parietal crest : os 
Length from premaxillaries to posterior borders of orbits . . 
Length from premaxillaries to anterior borders of orbits . . 
Height of occipital region from base of occipital condyle 


3228222225 


Moschorhynchus gracilis sp. nov. (fig. 5) 


This species is based on a small skull, 140 mm. in length. It has a complete 
lower jaw, which is slightly displaced leftward so that it was possible to clean the 
palate. The palate agrees perfectly with that of the former two species. The skull 
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was discovered on the farm Waterval in the Graaff-Reinet district and is numbered 
148 in the collection of the Bernard Price Institute. 

The specimen has five incisors on the left side and apparently only four on the 
right side. Unfortunately the number of incisors could not be ascertained in M. 
brachyrhinus. Besides its small size it differs from the former two species in the large 
size of its orbits. Its snout is not narrower in the middle of its length and the zygo- 
matic arches are curved like those of M. latirostris. A longitudinal ridge extends 
over the interorbital region, unlike the previous two species. This region also 
differs from that of the previous two species in that it is not depressed. ‘The external 
nares are small and very close together. 

The following are the chief measurements: 


Breadth of middle of snout... 42 mm. 
Total length of orbit .. .. 27 mm. 
Length of skull to occipital condyle 140 mm. 
Length of skull to parietal crest -. 122 mm. 
Length from premaxillaries to posterior borders of orbits . .. mm. 


Length from premaxillaries to anterior borders of orbits . . 


Moschorhynchus sp. 


Specimen 1585, borrowed from the Transvaal Museum for comparison, differs 
in some respects from the already described species. It is very badly weathered 
and not prepared. It differs from M. brachyrhinus in having the snout longer and 
narrower, a characteristic in which it agrees with M. Jatirostris. It compares with 
M. brachyrhinus in the characteristics of the zygomatic arches. The temporal fossae 
of the new specimen are longer, antero-posteriorly, than in M. brachyrhinus and 
consequently the postero-lateral angles of the fossae are even more rounded. 

Although it is slightly smaller than M. Jatirostris, this specimen may be a male 
of this species, so that it is not advisable to refer it at present to a new species. 

The skull is 204 mm. long, from the snout to the posterior end of the parietal 
crest. Across the squamosals there is a total breadth of 203 mm. The snout is 
70 mm. broad and is slightly broader in the region of the canines. The inter- 
orbital region is 55 mm. broad. The orbits have a total antero-posterior length of 
35 mm. 

Moschorhynchus sp. 


Specimen 349, also borrowed from the Transvaal Museum, is the anterior 
portion of a skull of about the same size as M. latirostris. It agrees with the latter 
in all respects, except in the number of incisors. In the new specimen there are 
five incisors on the right side. On the left side only four are visible, but a fifth may 
be present underneath the anteriorly bent-over canine. Extraordinary is the pre- 
sence of a very tiny tooth medially, between the two first incisors. Perhaps there 
is no tooth underneath the bent-over canine and this tiny tooth, which is actually 
situated more to the left side, may be the first incisor. Otherwise, if it is not a 
freak, it may be accounted for by dental succession. 
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The decrease in the number of incisors, from five to four, was achieved within 
the genus Moschorhynchus. In Moschorhynchus latirostris there are four incisors on both 


sides. In M. gracilis there are five on the one side and four on the other side. It 
is quite possible that freaks may have occurred within a species and there should be 
no reason why this specimen (No. 349) could not be a Moschorhynchus, and perhaps 


a M. latirostris, the species to which it shows a most remarkable resemblance. 


Whaitsia platyceps Haughton 


Type: South African Museum, No. 4006, skull. 
Locality: Farm Zuurpoort, Graaff-Reinet district. 

1918, Haughton, S. H., Ann. S. Afr. Mus., vol. xii, p. 184, figs. 48-50. 
1920, Broom, R., Proc. "Zool. Soc., p. 354+ fig. 9 

1930, Broom, R., Phil. Trans. Roy. Soc., B. a3, g. 4B. 
1932, Broom, R., Mammal-like Reptiles, p. fr. fig. 28A-C, E-M 


Within the genus Whaitsia a gradual transition is encountered in the character- 
istics of the snout, from the broad, flat and short type with small dorso-ventrally 
flattened external nares, as found in Promoschorhynchus, to the narrow, high and long 
type with larger and higher external nares, as found in Notosollasia. In this feature 
W. pricei is the most primitive and most nearly related to Promoschorhynchus, followed 
by Whaitsia platyceps and then by W. major. 

W. platyceps compares very well in proportions with W. price, but the latter is 
much smaller and has, proportionally, much larger orbits. W. platyceps differs 
from W. major also in size and in the size of the orbits, but especially in the 
characteristics of the lower jaw. The snout of W. platyceps is less high and narrow, 
proportionally, than that of W. major. 


Whaitsia major Broom 


Type: British Museum of Natural History, R.5694, skull. 
Locality: Thaba ’Nchu, Orange Free State. 

1931, Broom, R., Rec. Albany Mus., vol. iv, p. 162. 
1932, Broom, R., Mammal-like Reptiles, p. 84, figs. 27A-B, 29A-I. 

1934, Boonstra, L. D., Ann. S. - Mus., vol. xxxi, pt. 2, p. 252, figs. 28-34. 


In 1931 Broom merely gave a notice of this new species, based on five skulls, 
the type of which is in the collection of the British Museum. He observed that 
there are some reasonable differences between these specimens and Whaitsia platyceps, 
but merely stressed the difference in size. Broom (op. cit.) mentioned that the 
more outstanding difference lies in the structure of the lower jaw, which he pro- 
posed to deal with in his monograph that appeared the following year. Boonstra 
gave an additional detailed account of this species in 1934. 

The species may be distinguished by the size of the skull, the very small orbits 
in proportion to the skull, the ridges around the orbits and behind the frontals, and 
the less curved, more stout and differently shaped posterior portions of the mandible. 
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Whaitsia pricet Broom and Robinson 


Type: Bernard Price Institute for Palaeontological Research, No. g. 
Locality: Farm Hoekplaas, Murraysburg district. 
1948, Broom, R., and Robinson, J. T., ‘Broom Commemorative Volume’, Trans. Roy. Soc. 8. Afr., 
33, figs. 2, 3. 


This species may be distinguished by its much smaller size, its very large orbits, 
broad snout and convexly expanded zygomatic arches. ‘The zygomatic arches are 
also very slender, compared with the other two species. Minor differences are also 
to be found in the region of the parietals, but much weight cannot be attached to 
these differences, as the parietal crest and occipital crests have largely been 
weathered away. 

As the lower jaw was in situ, the arrangement of the bones in the region of the 
internal nares could not be studied by the authors of the species. Disregarding this 
region, the skull appears to compare favourably with Moschorhynchus and the author 
could not understand why Broom and Robinson (op. cit.) referred the specimen to 
the genus Whaitsia. After removing the lower jaw and cleaning the region of the 
internal nares, it was found that the arrangement of the bones in this region does 
agree with that of Whaitsia and not with Moschurhynchus. The lower jaw was 
replaced, but the region of the internal nares can still be studied. 

The author would like to draw attention to an error which occurred with the 
publication of the description of W. pricei, where two figures were accidentally 
interchanged (Broom and Robinson, op. cit.). Fig. 2, which reads: ‘Upper view of 
skull Aelurodraco microps’ should read: ‘Upper view of the skull of Whaitsia pricei’ and 
should have been published on page 34 as fig. 4. Similarly, fig. 4 should read: 
‘Skull of Aelurodraco microps’ and should have been published on page 31 as fig. 2. 


Notosollasia laticeps Broom 


Type: British Museum of Natural History, R.5699, skull with lower jaw. 
Locality: Bethesda Road Station. 

1925, Broom, R., Rec. Albany Mus., vol. iii, p. 322. 

1932, Broom, R., Mammal-like Reptiles, p. 87, fig. 27C. 

1934, Boonstra, L. D., Ann. S. Afr. Mus., vol. xxxi, p. 242, figs. 20-4. 


In 1925, when Broom described Notosollasia laticeps, he gave a brief account of 
the dentition and promised a more detailed description with figures at a later date. 
He mentioned that it is most nearly related to Whaitsia platyceps although apparently 
belonging to a distinct family; but gave no reason why he considered it to be 
nearly related to Whaitsia, in what respect it differs from Whaitsia, or why it could 
belong to a distinct family. 

In 1932 Broom again stressed the close relationship between Notosollasia and 
Whaitsia and even acknowledged that Notosollasia may belong to the latter genus, 
but should be specifically different on account of the structure of the palate. He 
was uncertain about the structure of the palate of Whaitsia, but correctly assumed 
that the developing secondary palate in front of the internal nares is partly formed 
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by the palatines, whereas it is formed by the maxillaries in Notosollasia. This 
difference, he maintained, is sufficient to distinguish Notosollasia as an independent 
genus. 

Boonstra made no comment on this matter in 1934. He merely acknowledged 
Notosollasia as a distinct genus. He did not demonstrate that the two palatal pro- 
cesses of the maxillaries meet medially, as Broom illustrated in 1932. As Boonstra 
cleaned the skull before describing it, I am inclined to believe that his account is 
correct and that there is no difference in this respect between Notosollasia laticeps 
and Notosollasia luckhoffi. 


Fic. 6 


hic. 5. Dorsal view of the skull of Moschorhynchus gracilis sp. nov. (x 4) 
Fic. 6. Dorsal view of the skull of Notosollasia boonstrai sp. nov. (x 4) 


In his description of Notosollasia luckhoffi in 1936, Broom gave no reason for 
distinguishing this specimen as a distinct species. From the general description of 
the specimen, it appears as though he believed the structure of the bones in front 
of the internal nares to differ from Notosollasia laticeps. He acknowledged, however, 
that his interpretation of the condition in this region in N. laticeps might have been 
wrong and Boonstra’s interpretation correct. In all probability these two specimens 
belong to the same species, but as I have not been privileged to examine the type 
specimen, I prefer not to give any further comment on this matter. 

In the collection of the Bernard Price Institute are three skulls attributable to 
Notosollasia laticeps. ‘The palate of one of these specimens agrees perfectly with that 
of Notosollasia luckhoffi and there is no reason why the three skulls could not belong 
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to this species, but as Notosollasia laticeps is better known and the skull proportions 
could be compared better with it, they have been referred to this species. 

The three specimens in the Bernard Price Institute were collected by Messrs. 
B. J. and S. C. Kitching on the farms Swaelkrans (Murraysburg district) (No. 143), 
Ferndale and Poortjie (Graafl-Reinet district) (Nos. 144 and 145 respectively). 

The former appears to be an adult male. It has its lower jaw in situ and 
except for the somewhat damaged anterior end of the snout is a beautifully pre- 
served and complete specimen. 

The specimen from Poortjie (145) is apparently a younger male. ‘The lower 
jaw is missing, but the skull is more complete and better preserved than the former. 

The specimen from Ferndale (144) may be a female, because the skull is 
proportionally narrower than in the former two. It is also without lower jaw and 
the palate is beautifully preserved and prepared. The skull is as well preserved 
and complete as No. 145. 


(2) Notosollasta luckhoffi Broom 


Type: Rubidge Collection, No. 2 L, very imperfect snout. 
Locality: Ferndale on the Oudeberg plateau, Graaff-Reinet district. 
1936, Broom, R., Ann. Transv. Mus., vol. xviii, p. 363, fig. 11. 

The female skull, referred to above as No. 144 under Notosollasia laticeps is of 
exactly the same size as the specimen described as Notosollasia luckhoffi and comes 
from the same farm. ‘The two specimens agree perfectly. The younger male (No. 
145), on the contrary, agrees perfectly in all dimensions and proportions with the 
type skull of Notosollasia laticeps. The latter skull and those from Ferndale are 
from the same horizon, as the two localities are at the same height above sea-level 
and the geological strata are horizontal. The two farms are five miles apart. I 
am positive that these two species are the same. 


Notosollasia boonstrai sp. nov. (fig. 6) 


The type of this species is a very complete and undistorted skull, with lower 
jaw in situ, found by Mr. S. C. Kitching on the farm Milton in the Murraysburg 
district. It is numbered 147 in the collection of the Bernard Price Institute. 

The specimen is the skull of a not fully mature individual, as the canines of 
both upper and lower jaw are not yet completely replaced. The permanent and 
deciduous canines occupy the same alveoli so that there can be no doubt that the 
one is actually replacing the other. 

The orbits are completely round. ‘The postorbital bars are curved backwards 
more than in the other species. 

The parietal crest extends very far back before it divides into the occipital 
crests. The breadth of the skull, measured across the squamosals, is larger, in 
proportion to the length of the skull, than in Notosollasia laticeps and the specimens 
described below as Notosollasia longiceps. \n Notosollasia boonstrai the breadth is 
85, per cent of the length, in Notosollasia laticeps it is 75 per cent and in Notosollasia 
longiceps it is 62 per cent. 
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Considerable difficulty was encountered in the preparation of the skull of 
Notosollasia boonstrai, due to the extreme hardness of the matrix and the softness of 
the bone, with the result that the specimen was fractured into numerous pieces. 
The skull was perfectly restored, but from the individual fragments it could be 
ascertained that the palatines do not extend as far forward as the region of the 
developing secondary palate and that the arrangement of the bones in this region 
agrees with that of Notosollasia laticeps. 

The distinguishing characteristics of this species are the following: (1) the 
large size of the orbits, their round shape and the posteriorly curved postorbital 
bars; (2) the breadth of the anterior portion of the snout, compared with the narrow 
region immediately behind; (3) the antero-posterior shortness of the temporal 
vacuities and their breadth; (4) the length of the parietal crest; and (5) the breadth 
of the skull. 

The following are some useful measurements: 

Breadth of skull across squamosals 

Breadth between orbits a 

Breadth of middle portion of snout 

Breadth of anterior portion of snout 

Diameter of orbit 

Length from premaxillaries to occipital condyle 

Length from premaxillaries to parietal crest : ar 

Length from premaxillaries to posterior borders of orbits . . 


Length from premaxillaries to anterior borders of orbits .. 
Height from base of occipital condyle to parietal crest 


Notosollasia longiceps sp. nov. (fig. 7) 


The type specimen of this species is a skull without a lower jaw and lacking 
the left zygomatic arch. It was discovered by Mr. J. W. Kitching on the farm 
Vlakteplaas in the Graaff-Reinet district. It is numbered 141 in the collection of 
the Bernard Price Institute. 

Paratype 140, Bernard Price Institute, is a skull very similar to the type, also 
wanting the left zygomatic arch, but was discovered on the farm Swaelkrans in the 
Murraysburg district. The collector is Mr. B. J. Kitching. The skull is slightly 
smaller than the type and has both the permanent and the deciduous canines in 
their sockets. 

Paratype 139, Bernard ‘Price Institute, is a beautiful skull with lower jaw, also 
wanting the left zygomatic arch. ‘The locality is Doornplaas in the Graaff-Reinet 
district and the collector is Mr. J. W. Kitching. 

Paratype 142, Bernard Price Institute, is a skull slightly smaller than the other 
three and shows evidence that its canines were being replaced. A portion of the 
right ramus of the lower jaw and both zygomatic arches were broken away before 
fossilization. It was discovered by Mr. J. W. Kitching on the farm Suurplaas in 
the Graaff-Reinet district. 

Skull number 146, Bernard Price Institute, is the snout of an individual prob- 
ably belonging to this species. It is slightly larger than the type. The locality is 
Swaelkrans in the Murraysburg district. 
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The following are some useful measurements of the four skulls. Measurements 
are given in millimetres; those marked with an asterisk are not reliable as they have 
been obtained from reconstructed or distorted regions. 


Breadth across squamosals 

Breadth between orbits .. 

Breadth of middle of snout ne 

Breadth of anterior portion of snout 

Total length of orbit (antero-posterior) 

Length of skull to occipital condyle 

Length of skull to parietal crest. . 

Length to posterior borders of orbits 

Length to anterior borders of orbits... aa 
Height of occipital region from base of O.C. 


Sy 


oO. 


Fic. 7. Dorsal view of the skull of .Votosollasia 
longiceps sp. nov. ( 4) 


In general structure this species agrees very well with Notosollasia boonstrai. 
Proportionally, however, it differs completely. The breadth of the skull, com- 
pared with its length, is the lowest of the known species, ranging from 62 per cent to 
69 per cent. The wide range arises from inaccurate measurements obtained across 
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the reconstructed squamosals. Otherwise sex may have an influence on the breadth 
of the skull. In N. laticeps the percentage is 75. 

The orbits are as large as in Notosollasia boonstrai, but their ventral and posterior 
margins are straight and the temporal vacuities extend rather more posteriorly than 
laterally. The postero-lateral angle of each vacuity is more acute than in the other 
two species. 

The anterior portion of the snout is very slightly broader than the region 
immediately behind. This characteristic is not shown by the two smaller specimens 
as their snouts are clearly compressed. 

The proportions of the four skulls agree so well that in a series of four pro- 
portional measurements the differences do not exceed one per cent, as the following 


table illustrates: 
Nos. 141 140 142 


8 x 100 


67% —67°5% 66°5% 66°5% 
51% 51% 50% 51% 
67% —66°5% 67% 66°5% 
100°, 100% 100°, 100% 


The last proportion shows a percentage of 87 in Notosollasia boonstrai and 85 in 
Notosollasia laticeps. 

The numbers used in the equations refer to the list of measurements given 
above. 

The characteristics in which this species differs from the other two species 
and on which it is based are the following: (1) The narrow, long skull and the 
slender snout. In the length and breadth of the skull this species agrees favourably 
with N. laticeps, but in the latter species the snout is stouter. (2) The shape and size 
of the orbits. In this characteristic N. longiceps and N. laticeps agree favourably 
with each other. (3) The shape and size of the temporal vacuities. In this 
characteristic .\V. laticeps is intermediate between V. boonstrat and N. longiceps. (4) The 
breadth of the snout in the middle of its length, compared with its breadth across 
the canines and with the breadth of the interorbital region. 


Moschorhinus kitchingt Broom 


Type: British Museum of Natural History, R.5698, snout. 

Locality: Bethesda Road Station. 

1920, Broom, R., Proc. Zool. Soc., vol. go, p. 351, figs. 7-8. 

1932, Broom, R., Mammal-like Reptiles, p. 88, fig. 27D. 

1934, Boonstra, L. D., Ann. S. Afr. Mus., vol. xxxi, p. 238, figs. 17-19. 


Broom, 1932, stated that of the six teeth on each side, in front of the large 
canines, the sixth are small canines. In a second specimen in the Bloemfontein 
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Museum Broom found five teeth on each side, in front of the large canines, but he 
stated that the third tooth of the right side and the sixth tooth of the left side are 
lost. Boonstra, 1934, did not agree with Broom and acknowledged only five 
incisors. In 1936 (see M. minor), Broom again expressed the view that there are 
six teeth on each side. Judging from existing evidence I readily support the view 
of Broom. 

Both Broom and Boonstra observed two molar sockets on each side in the type, 
but in a second specimen described by Broom in 1932 as M. kitching?, which he stated 
to be less adult, he observed three molar sockets. 

Specimen No. 193, Bernard Price Institute, is similar in proportions to the 
skull described by Broom in 1932 as Moschorhinus sp. (fig. 27F). It is slightly 
larger than the type of M. kitchingi, therefore slightly smaller than the former 
specimen. It has three molars and as it is smaller than the specimen described by 
Broom (fig. 27E), it is probably a younger specimen of the same kind. 

In these two skulls (193 and the one described by Broom in 1932, fig. 27E) the 
snout is slightly broader than in the type and second specimen dealt with under 
the species M. kitchingt by Broom (1932). This is the only difference. Structurally 
No. 193 agrees perfectly with the type of M. kitchingi and the only aspect in which 
No. 193 ‘differs structurally’ from Moschorhinus sp. (Broom, 1932, fig. 27E) is in the 
relation of the posterior end of the vomer with the palatines and pterygoids, but 
it would appear that Broom was not certain about the relation of these bones in 
this particular skull. I am positive that specimen 193 and the one figured by 
Broom (op. cit.) are males of M. kitchingi, and that the type and second specimen 
dealt with by Broom (op. cit.) under M. kitchingi are females. The larger speci- 
mens of both the two males and the two females have two molars and the smaller 
specimens have three molars, so that obviously there was a tendency for the number 
of molars to decrease with age. 

Even if the specimen described by Broom (fig. 27E) is considered to be a new 
species because of the distance separating the site of its discovery from the locality 
of the type of M. kitchingi, specimen 193 will still have to be considered as a male of 
M. kitchingi, as it was found on the farm Wilgerbosch in the New Bethesda district, 
that is, near to where the type was found. The collector is Mr. J. W. Kitching, who 
also prepared the skull beautifully. 


Moschorhinus warreni Broom 


Type: Natal Museum, snout. 
Locality: Little Tugela River. 


1907, Broom, R., ‘“Scymnosaurus warreni’, Ann. Natal Mus., vol. i, p. 196, pl. xxviii, figs. 5-7. 
1932, Broom, R., Mammal-like Reptiles, p. 89, fig. 27F. 

This specimen was first described as Scymnosaurus warreni, but after Moschorhinus 
kitchingi was introduced, the author recognized the relationship between these two 
specimens. 

Moschorhinus warreni is unfortunately too incompletely known to compare it 
with the other species, but there can be little doubt that it is a distinct species. It 


~, 
55 
f 
) 
1 
1 
Ss 
e 
y 
e 
. < 
in 2 


56 TRANSACTIONS OF THE ROYAL. SOCIETY OF SOUTH AFRICA 


has three molars and according to Broom, 1907, five incisors. Broom (op. cit.) 
warned, however, that the fifth incisors may be canines. From existing evidence 
it may now be accepted with some certainty that they are all incisors and that the 
first canines have been lost. As Promoschorhynchus and Moschorhynchus clearly show, 
the tendency to lose the first canines developed much earlier than the tendency to 


lose the fifth incisor. 


Moschorhinus minor Broom 


Type: Vransvaal Museum, 268, snout. 
Locality: Wapadsberg, Bethesda Road. 
1936, Broom, R., Ann. Transv. Mus., vol. xviti, p. 362, fig. 10. 


In his description of this species, Broom gave absolutely no reason why he 
considered it to be new, and as I am not in a position to investigate the specimen 
and ascertain for myself in what respects it differs from the other species, I prefer 
not to give any comment on this species. Proportionally it agrees perfectly with 
M. kitchingi and structurally Broom himself stressed the marked similarity between 
this specimen and M. kitching. 


Moschorhinus esterhuysen Broom 


Type: Rubidge Collection, No. 32, nearly complete skull. 
Locality: On the slopes of Compassberg. 
1940, Broom, R., Ann. Transv. Mus., vol. xx, p. 167, fig. to. 


For this specimen Broom (1940) clearly stated the distinguishing characteristics. 
These are the arrangement of the pterygoid processes, the differently shaped vomers, 
the smaller suborbital foramina and the size of the fifth incisor and first canine. In 
the earlier-named species these two teeth are considerably smaller than the other 
incisors, but in this species they appear to be even larger. Only slight traces of two 
molar sockets are distinguishable on the left side. 


Alopecopsis atavus Broom 


Type: Kimberley Museum, skull with lower jaw. 
Locality: New Bethesda. 

1920, Broom, R., Proc. Zool. Soc., p. 347, figs. 4, 5, 6. 

1932, Broom, R., Mammal-like Reptiles, p. 91, fig. 26E, F. 

As Broom maintained in 1932, this specimen possibly had rudimentary molars 
when young and would therefore be nearly related to Lycideops, but the latter genus 
is apparently an earlier form than the common ancestor to the Alopecopsis and 
Moschorhinus branches of the Whaitsiidae. In the characteristics of its snout it 
compares very favourably with Notosollasia, except for the number of teeth in front 
of the large canines. If the breadth of the skull is genuine, the genus is clearly 
primitive and could be ancestral to Notosollasia, but then Notosollasia must have 
originated from an ancestor to Moschorhinus and not via Whaitsia. Until further 
evidence is obtained, Alopecopsis will have to be considered an ancestral form to 


Notaelurops and to be descended from a form like Lycideops. 
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Notaelurops paucidens Broom 


Type: Transvaal Museum, very incomplete skull. 
Locality: Farm Wellwood, Graaff-Reinet district. 
1936, Broom, R., Ann. Transv. Mus., vol. xviii, p. 367, figs. 14-16. 
Because it occurs in middle Cistecephalus zone beds, this specimen stands a 
reasonable chance of representing an independent genus. It may, however, still 


be an ancestor to Notosollasia. If it proves to be a Notosollasia, it will most probably 
be the same as Notosollasia longiceps, in which case the name of the species should be 
‘Notosollasia paucidens’ . 


Aneugomphius ictidoceps Broom and Robinson 


Type: Bernard Price Institute, No. 11, complete skull with lower jaw. 
Locality: Farm Hoekplaas, Murraysburg district. 
1949, Broom, R., and Robinson, J. T., ‘Broom Commemorative Volume’, Trans. Roy. Soc. S. Afr., 

p. 36, figs. 5B, C, 6B, 7A. 

This tiny skull has five incisors and apparently no small canine in front of the 
large canines. The large canines were being replaced. The postorbital bars and 
zygomatic arches are very delicate, as in Alopecopsis. ‘The skull is much broader 
than in Alopecopsis and Notaelurops. Probably, of all the known genera of this family, 
Aneugomphius has its closest relative in Alopecopsts. 


Theriognathus microps Owen 


Type: British Museum of Natural History, 47065, very incomplete skull. 
Locality: Farm Stylkrans, New Bethesda district. 

1876, Owen, R., Cat. Foss. Rept. S. Afr., p. 62, pl. Lxiii, 1-3. 

1890, Lydekker, R., ‘Endothiodon microps’, Cat. Foss. Rept. Amph., p. 65. 
1910, Broom, R., Trans. Roy. Soc. §. Afr., vol. ii, p. 19. 

1932, Broom, R., Mammal-like Reptiles, p. go, fig. 24A. 

1934, Boonstra, L. D., Ann. S. Afr. Mus., vol. xxxi, p. 247, figs. 25-7. 

The absence of a secondary palate in this genus, combined with the total absence 
of molars, is a characteristic separating this genus well away from the branches 
Promoschorhynchus-Moschorhynchus and Whaitsia-Notosollasia. It may be a represen- 
tative of a third branch that originated from an early Moschorhinid or more prob- 
ably from an ancestral genus to Moschorhinus. With existing evidence it appears to 


be a member of a branch to which Alopecopsis and Notaelurops belong. 


Hyenosaurus platyceps Broom 


Type: Transvaal Museum, No. 258, very unsatisfactory portion of a lower jaw ramus. Locality 
unknown. 
1935, Broom, R., Ann. Transv. Mus., vol. xviii, p. 59, fig. 2. 

This genus is based on a very fragmentary and unsatisfactory lower jaw to 
which at first some portions of a badly preserved skull were believed to belong. 
The skull fragments are now believed to belong to the genus Moschorhynchus, but 
the lower jaw will have to remain under the genus Hyenosaurus, as it differs from that 
of Moschorhynchus. 
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INTERRELATIONSHIP 


The genus Promoschorhynchus is closely related to Moschorhinus. It differs from 
Moschorhinus in the characteristics of the palate. Its secondary palate is developing 
in a similar manner to that of Whaitsia. Promoschorhynchus must have branched from 
Moschorhinus very early, as it shows some primitive and less specialized character- 
istics, such as the presence of four post-canine teeth and the narrower snout. In 
the development of the secondary palate and the ioss of the first canine, it is further 
advanced than Moschorhinus. 

Whattsia branched from Promoschorhynchus fairly early, and Afoschorhynchus much 
later. The latter agrees very well with Promoschorhynchus in general, but differs in 
having lost its post-canine teeth and in having the secondary palate formed by the 
maxillaries and vomers; in Promoschorhynchus it is the secondary palate formed by 
the palatines and vomers, as in Whaitsia. 

Promoschorhynchus evolved from Moschorhinus and not vice versa, as is shown by 
the loss of the first canine and by the secondary palate. 

The genus Moschorhynchus is a direct descendant of Promoschorhynchus. In the 
proportions and general structure of the snout, excluding the palate and dentition, 
there is a very marked similarity between the two genera. ‘They differ in the 
structure of the secondary palate, which is formed by the maxillaries and vomers 
in the former and by the palatines and vomers in the latter. The post-canine 
teeth, found in the latter, are lost in Moschorhynchus. The number of incisors is 
reduced from five to occasionally four in Moschorhynchus. 

Whaitsia retained the palatines in the secondary palate, whereas in Moscho- 
rhynchus the palatines have retracted themselves from this region even to a greater 
extent than in Notosollasia, which is clearly a further advanced branch of Whaitsia. 

In Whaitsia the skull has become narrower and higher and the external nares 
less dorso-ventrally flattened. This feature is even more pronounced in Notosollasia. 
The skull has narrowed in Whaitsia and grows still narrower in Notosollasia. 

The genus Moschorhinus forms a natural ancestor to both Promoschorhynchus and 
Euchambersia, but the known species of this genus are all much further advanced 
than the yet unknown members which gave rise to the latter genera. The most 
distinguishing characteristic of Moschorhinus is the presence of two canines on each 
side in the upper jaw. It is a primitive genus on account of the large suborbital 
foramina. 

The lower jaw of the single specimen belonging to the genus Alopecopsts is in 
situ so that it is impossible to ascertain the structure of the palate. If this specimen 
has a secondary palate, it will most probably be very nearly related to Notosollasta, 
but I very strongly doubt this possibility because of the presence of six teeth on each 
side in front of the canines. Of these six teeth one is apparently a small canine. 
Whether this is the case or not does not detract from the possibility that this genus 
originated from a form comparable with the genus Lyctdeops. Even a form like 
Lycideops could not have been a common ancestor to Alopecopsis and Moschorhinus ; I 
believe that besides the genus ancestral to Alopecopsis there must be another genus 


om 
58 
_ 
7 


ON THE WHAITSIIDAE 59 


ancestral to Moschorhinus. These two unknown ancestral genera could possibly 
have had a common ancestor. Otherwise the molarless specimens considered to 
belong to the Whaitsiidae must have had at least a diphyletic origin and cannot 
rightly be grouped into one family. 

It is difficult to decide whether Notaelurops is related to, and a descendant of, 
Alopecopsis, or whether it is related to Notosollasia and ancestral to it. If Alopecopsis 
is an ancestral form to Notosollasia, this branch did not originate from Whaitsia. 

It is not advisable to try to determine the relationship of Aneugomphius until 
more detailed evidence is obtained. Also the relationship of Theriognathus and 
Hyenosaurus has to remain undecided. 

The diagrammatic representation of the family tree of the Whaitsiidae in figure 1 
does not illustrate the longevity of a genus nor does it give accurately the chrono- 
logical distribution of the different genera. There is also not enough stratigraphical 
evidence for ascertaining whether two or more of these genera lived side by side at 
the same time. It would be interesting to know whether a primitive genus actually 
lived side by side with one of its more advanced descendants. 
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THE PHYSIOGRAPHY OF AN AREA ADJOINING CAPE MACLEAR 


By J. A. MasButrT 


Department of Geography, University of Cape Town 
(With two text-figures) 
(Read October 15, 1951) 


The level ground or isthmus at approximately 200 ft. (61 m.) above sea-level at Cape Maclear 
is not regarded as a wave-cut platform it its present form, neither are the sandstone ledges and rounded 
pebbles on the slopes to the north considered to be raised marine benches and beaches. The isthmus, 
which coincides with a synclinal axis in the Table Mountain Series, was cuestiform until built up by 
blown sand from the north-west. On the Palaeolithic site to the north this sand invasion occurred 
during the Middle Stone Age. The cliffs in the west date from the Minor Emergence of Krige (1927) 
and the rock ledges and caves at Cape Maclear and Cape Point denote a pause at between 12 and 
14 ft. (4 m.) in the subsequent withdrawal. The dune invasion which followed suggests that the 
regression continued below present sea-level, so indicating an interglacial age for the Minor Emergence 
and the succeeding sub-stage. A shingle beach which marks the limit of the succeeding recovery of 
sea-level may embrace a small post-glacial regression. 


INTRODUCTION 


In his review of ‘Tertiary’ high-level terraces along the South African coast, 
Krige (1927) cites as evidence of marine planation a shelf at 170 ft. (52 m.) ‘at the 
Cape of Good Hope or Cape Maclear’, presumably referring to the lower isthmus 
behind the headland. This terrace was subsequently correlated by C. W. Cooke 
(1930) with interglacial marine terraces at an altitude of 160 ft. (49 m.) above sea- 
level in Maryland and North Carolina. From the isthmus, slopes of sandstone 
broken by occasional flat ledges and partly covered by dunes lead north to the Cape 
Point road. These ledges also suggest wave erosion during periods of higher sea- 
level, a suggestion supported by the occurrence on them of water-worn quartzite 
boulders. 

A stone-working site was discovered on the isthmus and on the slopes to the 
north and the implements were described by Comrie (1874). The results of subse- 
quent archaeological investigation of the site are contained in unpublished notes by 
the Abbé Breuil. 

Near by, at Cape Point, are caves and wave-cut benches claimed by Daly (1927, 
1934) to demonstrate a post-glacial lowering of sea-level of 6 metres (20 ft.), and by 
Krige (1927) to represent a pause in his Minor Emergence. 

In view of the various features of physiographical interest and the somewhat 
conflicting conclusions based upon them, as well as the possibility of correlation of 
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physiographical and archaeological data, the area was recently surveyed and studied 
afresh. In fig. 1 are shown the contours and surface geology of the significant areas, 
namely the lower isthmus behind Cape Maclear, the slopes leading north to the 
road, and the cliffs and beaches in the west. 


Tue IstHMus 


The headland is built of the Table Mountain Series (T.M.S.), of which the 
Basal Shales form the lower half of the cliffs. The regional dip is north-west at 
1 or 2 degrees, but attains 10 degrees south of the road, the isthmus marking the 
axis of a north-west-pitching asymmetrical syncline. The warping, which decreases 
away from the base of the Series, has shattered the sandstones locally and has pro- 
vided a line of weakness along which the flanking embayments have been eroded. 

The isthmus attains 200 ft. (61 m.) and not 170 ft. (52 m.) as stated by Krige 
(1927), so that the correlation made by Cooke is based on incorrect data. From 
the discontinuous rock outcrops and the data from gullies and cliff-falls it has been 
possible to construct sections showing the relationship of the solid geology to the 
surface relief (fig. 2). These reveal that the extent of level ground is due largely 
to the recent accumulation of blown sand. The isthmus was previously cuestiform, 
with steep cliffs and deep water to the east, and lower, gently sloping cliffs with a 
wide abrasion platform on the dip or western side. The dip slope and its cliffs were 
indented by two small valleys. Sand has subsequently buried these western slopes 
and built up the cliff face to its present angle. 

A shelf at between 200 and 250 ft. (61 m. and 76 m.) above sea-level extends 
along much of the Atlantic coast of the southern Cape Peninsula, so that the isthmus 
may also have been initiated by marine planation at that level. Whatever its 
origin, however, it had already been so greatly modified by sub-aerial erosion prior 
to sand invasion that it can hardly serve as evidence of that planation. 


THe NorTHERN SLOPES 


The slopes rising north to the road are wholly covered by dunes in their western 
part, but farther east consist of bare sandstone ledges trending north-west to south- 
east, a common joint direction in the Cape Peninsula. The most prominent of these 
ledges, between 270 and 280 ft. (82 m. and 85 m.) above sea-level, is shown in fig. 1. 
Their transverse slopes generally accord closely with the bedding planes of the T.M.S. 
These ledges and the smoother slopes to the east constitute the main Palaeolithic 
site. 

The sandstones are in places deeply weathered into a reddish-brown loam with 
an upper horizon of ferruginous gravel, overlain in turn by a grey lime-cemented 
layer of mixed sand and clay which is not entirely residual. Such localized weather- 
ing and staining are probably due to leaching beneath a former dune cover, and the 
weathered T.M.S. is locally covered by a layer of consolidated brown sand with an 
admixture of clay such as occurs at the base of the surviving dunes. 
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In his account of the site, Comrie (1874) distinguishes between ‘palaeolithic’ 
implements, until recently covered by dunes, and later materials including pottery 
and bored stones. His description of leaf-shaped arrow-heads among the older 
artefacts indicates that they comprised Middle Stone Age in addition to Stellenbosch 
types. Breuil describes early Stellenbosch implements from the weathered T.M.S. 
and later Stellenbosch from the lime-cemented layer overlying the ferruginous 
gravel. Middle Stone Age and weathered Stellenbosch tools occur on the low 
ridges of more resistant T.M.S. which break the general slope. An Earlier Stone 
Age land surface was therefore buried by dunes in the Middle Stone Age, the 
artefacts of those periods having since been re-exposed by wind erosion and by the 
small streams which have uncovered these slopes below the 300 ft. (gi m.) contour. 
The occurrence of Wilton and Strandloper cultural assemblages on the re-exposed 
slopes points to the onset of erosion of the dunes during the Later Stone Age. 

The sandstone ledges range in altitude between 220 and 300 ft. (67 m. and 
gt m.). Their height range, together with their accordance with geological structure, 
might preclude their consideration as dissected marine benches but for the occurrence 
on the Palaeolithic site of water-worn pebbles of bluish-white quartzite. Some rest 
on the sandstone ledges, others in the gulleys dissecting the weathered rock. They 
are unlikely to be locally derived, for the T.M.S. is here soft-weathering or splintery. 
A notable proportion of discoidal pebbles suggests the sea to have been the agent of 
attrition. They have been construed previously as pebbles washed down from a 
beach deposit on the slopes above the site. 

This view is opposed for the following reasons: 

i. The pebbles show an abnormally limited range of sizes and shapes; they 
include neither large boulders (above 30 cm. diameter) nor gravel (below 2°5 cm. 
diameter) ; there are no sub-angular pebbles; the larger ones are almost all discoidal 
and the smaller ones sub-spherical. In these respects they contrast markedly with 
the modern beach deposits in this area. 

ii. The pebbles appear to be confined to the re-exposed site, are few in number 
(careful search having revealed less than 200), and are not concentrated in any one 
direction. 

iii. The pebbles are unweathered and are not embedded in the older sands or 
weathered T.M.S. as might be expected of a beach deposit which, from its presumed 
altitude, should date at least from the Lower Pleistocene. 

iv. The pebbles had not apparently been employed in the Earlier and Middle 
Stone Age implements, but a few had been struck in the crude manner characteristic 
of Strandloper stone-work, the flake scars remaining fresh. Comrie records that 
some of these ‘large flat stones’ were arranged in a circle, probably as a hearth. 
Others have been employed as mortars or rubbing stones. 

Accordingly, the rounded pebbles on the Palaeolithic site are not regarded as 
a raised beach deposit in situ, nor is there indication of their having been selectively 
derived from such a deposit elsewhere on the slopes. As an alternative view, and 
one which receives circumstantial support from the archaeological evidence, it is 
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suggested that they may have been carried to the site by Later Stone Age man after 
the erosion of the dunes, possibly in the absence of suitable local stone. Under this 
interpretation, little reason remains for postulating a marine origin for the sandstone 
ledges on the northern slopes. 


THE WEsTERN CLIFFS AND BEACHES 


In the west, the base of the cliffs lies between 20 and 25 ft. (6 m. and 8 m.) 
above sea-level, thus relating to the Minor Emergence of Krige (1927). An abrasion 
platform extends seawards for 50 yds. from the cliff base and descends to within 
10 or 15 ft. (3 m. or 5 m.) of present sea-level, where it is overlain by a shingle beach. 
The platform narrows to the rock ledges at Cape Maclear, which are almost con- 
tinuous with those at Cape Point described by Daly (1927, 1934). From his 
examination of the shore at Cape Point, Daly (1927) originally inferred an emergence 
of 4 to 5 metres, but his general summary (1934) uses these same features as evidence 
of a world-wide fall in sea-level of 6 metres. The abrasion platform, rock ledges and 
sea-caves together appear to embrace the gradual withdrawal from the 20-25 Foot 
Shore (6-8 m. level) and the pause at 12 to 14 ft. (4 m.) above present sea-level 
envisaged by Krige. 

The dating of these strand-lines as post-glacial by Daly depends largely on the 
small degree of subsequent crustal warping as demonstrated by their almost world- 
wide uniformity of level. On the basis of altitude, however, the Minor Emergence 
should be equivalent to the Late Monastirian beaches of the Mediterranean succes- 
sion, which have been placed by Zeuner (1946) in the latter part of the last inter- 
glacial period. Such a correlation is in harmony with the indication of regression 
after the Minor Emergence to be described below. Whichever dating is followed, 
the 12-14 Foot (4 m.) Sub-stage is physiographically so closely related to the Minor 
Emergence in this area that the two should certainly be grouped together. 

The dunes extending towards the Palaeolithic site also cover the cliff face and 
part of the abrasion platform, so that the sand invasion of Middle Stone Age times 
post-dates the regression of the 20-25 Foot (6-8 m.) Sea and its pause at the lower 
level. This corroborates the evidence from other localities, suggesting that the 
offshore deposits exposed by withdrawal of the sea below its present level may have 
been the source of supply. Light-yellow shelly sands moved in with the north-west 
wind and the gently sloping face of the original cliff facilitated its ascent to form the 
two dunes which span the isthmus. Drainage was impeded in the northern valley 
on the isthmus, where sand and peat accumulated to a depth of 5 ft. (1-5 m.). On 
the cessation of movement the sands became covered with a calcareous crust which 
is exposed in the cliff face and on the northern dune on the isthmus. The grey 
dunes on the northern slopes and those overlying the yellow calcrete elsewhere are 
leached or secondary sands discoloured by organic matter. 

Two factors may have contributed to the decrease in sand supply—the subse- 
quent recovery of sea-level and the extension of a shingle beach northwards from 
the Cape of Good Hope across the line of sand movement. This beach is taken as 
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marking the limit of the succeeding transgression. Near Cape Maclear it is still 
prograding and forms a shingle foreland 50 yds. wide; northwards it passes inland 
behind a sand beach, and is partly concealed by the dune ridge which marks its 
course. Its crest lies between 14 and 1g ft. (4 m. and 6 m.) above sea-level, appa- 
rently beyond the current zone of wave action since the shingle is there overgrown 
or dune-covered. 

The writer has described beaches at Cape Hangklip which are suggestive of a 
post-glacial sea-level 6 ft. (2 m.) above the present. In general, such a small 
negative shift of sea-level can only be shown by constructional forms 


i. where the shift is appreciable in comparison with the vertical range of the 
constructional waves, or 

ii. where the foreshore gradient is sufficiently gentle for a small shift of sea- 
level to cause a large horizontal displacement of the strand-line. ‘These conditions 
are not realized on the exposed coast at Cape Maclear where a single large beach 
might embrace a small regression. 

The shingle beach must be younger than the calcreted sands since it cuts across 
their line of movement and because of the relatively sand-free strip between the 
beach and the cliff base. The cessation of sand movement and the onset of erosion 
of the dunes have already been dated as Later Stone Age from the stone-working 
site. The dissection of the peaty soils which followed the re-establishment of 
drainage on the isthmus is probably of similar date, as shown by the occurrence of 
midden material on the remnants. 
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THE IDENTIFICATION OF THE NAUPLII OF SOME SOUTH AFRICAN 
BARNACLES WITH NOTES ON THEIR LIFE HISTORIES 


By Eyvor E. Sanpison,* B.Sc. 


Department of Zoology, University of Cape Town 
(Communicated by J. H. Day) 


(With fourteen text-figures) 


(Read March 21, 1951) 


Preliminary investigations of the life history of seven species of sessile cirripede found round the 
Cape Peninsula, South Africa, have been made. ‘The species studied are Balanus algicola Pilsbry, 
B. trigonus Darwin, B. maxillaris Gron., B. amphitrite Darwin var. denticulata Broch, Octomeris angulosa 
Sow., Tetraclita serrata Darwin and Chthamalus dentatus Krauss. 

Routine observations were carried out on the reproduction of each species, on the presence of 
nauplii in the plankton and on the settlement of cyprids on experimental plates kept in Cape Town 
docks. 

Information regarding each species is given together with diagrams of the naupliar stages, the 
setation formula, and a short description of salient points in recognition. 

Special attention is drawn to a species of Hemioniscus parasitic in B. algicola and Chthamalus dentatus, 
and to the occurrence of various morphological types of B. amphitrite var. denticulata. 


CONTENTS 


Balanus amphitrite var. denticulata . 
Review or THE LITERATURE. . Balanus maxillaris 

METHOD AND APPARATUS. . . _ Octomeris angulosa 

Tue SETATION FORMULA Chthamalus dentatus . 

DEscRIPTION OF THE LARVAL Tetraclita serrata. 


INTRODUCTION 


The life histories of South African barnacles have hitherto been unknown 
except for general observations on the settlement of the most common species, 
Balanus algicola, Octomeris angulosa and Tetraclita serrata (Bokenham, N.A.H. and 
Stephenson, T.A. 1938). Recently, however, Pyefinch (1948), Bassindale (1936), 
Jones and Waugh (1949) and Crisp et al (1951) have shown that it is possible to 
distinguish individual species of barnacles by certain characters of their nauplii. 


* Now at the Department of Zoology, University of Edinburgh. 
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This paper is an attempt to apply these principles to South African barnacles. As 
the length of time available was limited to eighteen months, the work is by no means 
complete, but a summary is given below as a basis for anyone who may wish to 
continue. 

The most common sessile barnacles found round the coasts of South Africa are 
Balanus algicola Pilsbry, Balanus trigonus Darwin, Balanus maxillaris Gron., Balanus 
amphitrite Darwin var. denticulata Broch, Octomeris angulosa Sow., Tetraclita serrata 
Darwin and Chthamalus dentatus Krauss. Barnard published in 1924 a complete list 
of all the sessile cirripedes known in South Africa at the time. To this list the most 
notable additions in recent years have been—firstly, the discovery of B. amphitrite 
var. denticulata in estuaries all round the coast; secondly, a clear description by 
Millard (1950) of B. eli zabethae from the Knysna estuary ; and thirdly, the appearance 
of Elminius modestus Darwin on an experimental plate in Table Bay docks (Sandison 
1950). (The one young specimen of FE. modestus must have been a stray brought in 
by shipping, as up to August 1950 no other individuals were recorded.) 

During the eighteen months two opportunities occurred for collecting specimens 
from estuaries between Port Elizabeth and St. Lucia (Zululand). These trips were 
made with the Department of Zoology, University of Cape Town, and they afforded 
valuable information as to the distribution of the different species in estuaries, 
especially that of B. amphitrite var. denticulata. 


Note on Currents 


There is a distinct difference in the average temperatures of the sea on the two 
sides of the Cape Peninsula. On the False Bay side the water at Muizenberg has a 
mean annual temperature of 16-6°C. (Isaac 1937 and Stephenson 1939), due mainly 
to the warm Agulhas current which flows along the east and south coasts of the 
Union. Table Bay on the Atlantic side of the Peninsula, on the other hand, has a 
mean annual temperature of 12-8°C., and is cooled mainly by the Benguela Current. 


REVIEW OF THE LITERATURE 


Information concerning the life histories of sessile cirripedes and the reaction of 
their larvae to light, optimum substratum, etc., has gradually been accumulating 
during the last few years, when the importance of such information in connection 
with anti-fouling substances was first realized. Groom (1894) describes the early 
development of cirripedes including Balanus perforatus and Chthamalus stellatus. 
Herz (1933) found eight larval stages in the development of Balanus crenatus, but 
doubt has been thrown on this observation as Bassindale (1936) in B. balanotdes, 
Chthamalus stellatus and Verruca stroemia, Pyefinch (1948 and 1949) in B. balanoides, 
B. crenatus and Verruca stroemia, Jones and Waugh (1949) in Elminius modestus and 
Crisp et al (1951), all recognized only six stages. Lochhead (1936) has worked on 
the feeding mechanism of the nauplii of B. perforatus Brug. 

Other aspects of the life histories of various species have been studied by a 
number of workers: Pomerat and Weiss (1946), Redfield and Weiss (1948), Pyefinch 
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(1948) and Visscher (1928) have all investigated the settlement of cyprids; the 
reaction of cyprids to light has been described by Visscher and Luce (1928), Pomerat 
and Reiner (1942), Gregg (1945), Weiss (1947) and Walton Smith (1948); Walton 
Smith (1946) experimented also upon the effect of water currents; and Moore (1934 
and 1936) concentrated on growth. All this work is useful in connection with the 
use of anti-fouling substances. It is also essential to know the period over which 
any one species of barnacle is likely to settle, or the period of heaviest settlement of 
barnacles at a certain port. It was partly with these latter aims in view that the 
investigations at Cape Town were conducted. 
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METHOD AND APPARATUS 


The work was divided into four sections: 


(1) The reproduction of the barnacles. 
(2) The culture of nauplii. 


(3) Regular plankton hauls to determine the seasonal occurrence of nauplii and 
also to obtain specimens for breeding and identification. 


(4) The collection of cyprids from experimental plates and from the shore. 


(1) The Reproduction of Barnacles 
(a) Details of the collection of each species 


The maturation of the gonads of Balanus algicola, Octomeris angulosa, Tetraclita 
serrata and Chthamalus dentatus was studied by taking fortnightly samples of fifty 
individuals of each species. These were collected at random from the rocks 
during low spring tides, and the state of development of the ova was examined 
microscopically. 

Balanus algicola was collected: (1) from the rocks at Sea Point, (2) from a raft 
kept in the Yachting Harbour in Table Bay, and (3) from Mytilus meridionalis, which 
grows attached to the wooden landing-stage in the Yachting Harbour. 

Octomeris angulosa was collected principally from Sea Point, but occasional 
samples were obtained from St. James on the False Bay coast. 
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Tetraclita serrata was collected from both Sea Point and St. James. At Sea Point 
there were relatively few on the rocks, whereas at St. James they covered the rocks 
from M.T.L. up to H.W.N., often crowded to such an extent that individuals 
settled on top of one another. 

Chthamalus dentatus was collected at St. James. It does not appear at Sea Point 
on the cooler Atlantic seaboard. 

Balanus trigonus was also obtained from St. James when the sea was calm enough 
to permit collections to be made at L.W.S., and some specimens were obtained from 
the raft in the Yachting Harbour. 

A few individuals of Balanus maxillaris appeared on a frame which was suspended 
from a raft in the Yachting Harbour (see below). 

Small numbers of Balanus amphitrite var. denticulata were examined from the 
Yachting Harbour, where they settle on the dock wall at H.W.N. A few were also 
examined from Saldanha Bay (north of Cape Town), from scattered areas along the 
south coast and from Richard’s Bay and St. Lucia (Zululand). 


(6) Arbitrary division of the developing ova into stages 


In the development of the ova five different stages were recognized, which could 
be quickly classified by examination under a microscope. In some cases the colour 
was an adequate criterion of the stage, but until one is expert this method is not 
recommended, except in distinguishing stage V, which is purplish-black in 
appearance. 


The five stages recognized were as follows: 


Stage I—unfertilized ova within the ovary. 

Stage II—the embryos developing in the mantle cavity are approximately 2 to 16 
celled. 

Stage I1I—the embryos are many celled and begin to show appendage buds. 

Stage [V—the embryos possess a visible eye spot and distinct appendages with setae. 

Stage V—the embryos are fully developed, with the gut clearly seen, giving the 
whole a purplish-black colour. The embryos are now ready to be 
liberated. 

It must be emphasized that these stages represented purely arbitrary divisions, 
and intermediate stages when found were classified under the stage through which 
they had just passed. 

No attempt has been made to undertake a detailed study of the developing ova, 
but the five stages recognized here would appear to correspond to those described by 
Groom (1894) as follows: 


Groom’s stages A and B correspond to stage IT. 
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Occasionally a barnacle appeared in which the embryos were not all at the 
same stage of development (Batham in 1945 also found this to occur in Pollicipes 
spinosus) ; in this case the adult was classified as having embryos in the most advanced 
stage represented within the mantle cavity. 


(2) The Culture of Naupli 

Embryos in stage V were removed from the mantle cavity of the parent, placed 
in covered petri-dishes of sea-water, and kept either in the laboratory or in a cool 
aquarium room. Attempts to rear nauplii past stage III were not successful, 
probably due to a combination of factors including lack of proper food, infestation 
by ciliates, temperature changes and the effects of handling stage V embryos. 
Greater success was achieved by rearing the more advanced naupliar stages obtained 
from the plankton. These could be induced to metamorphose two or three times, 
and in a few cases they were reared to the cyprid and young barnacle stages. 


(3) Plankton hauls 


These were taken weekly, as far as possible, by the Fisheries patrol vessel 
Schipa. A fine-mesh boulting silk plankton-net was used attached to a frame 18 in. 
in diameter. Each haul was taken in the same position, half a mile off Sea Point 
(33°55'S.and 18° 224’E.) and the net was dragged through the water for ten minutes, 
usually between g and 10 a.m. 

As hauls taken by the Schipa were made with an open plankton-net, they could 
in no way be treated quantitatively. Results bear this out, and also confirm what 
Pyefinch (1949) found, namely, that the nauplii were extremely patchy, leading to 
great variation between successive hauls. 

All nauplii and cyprids-were removed from the plankton collected, and pre- 
served. This provided most of the material from which the later larval stages of the 
barnacles were worked out. As no larvae of Tetraclita serrata were recognized in any 
of the plankton, a search was made for them at different depths and in various 
positions, but without success. 


(4) Settlement of Cyprids 


For experiments on the settlement of barnacles, plates were suspended in a 
vertical position from a raft moored in the Yachting Harbour, Table Bay docks, in 
16 ft. of water at L.W.S. The plates and treatment they received before submersion 
were similar to that described by Millard (1952). 

Two series of experiments were carried out: 

(i) Twelve plates were attached to a frame which was then lowered till the top 
was 5 ft. below the sea surface. One plate was removed every four weeks, thus a 
series of observations was obtained from plates which had been down from one to 
twelve months. As each plate was removed, it was replaced by a new one which was 
left down for three or four months, giving another series of observations covering 
periods of three or four months throughout the year. 

(ii) Four plates were attached to a frame which was lowered so that the bottom 
was 1 ft. above the mud at low tide. After a month one plate was replaced each 
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week, giving a series of readings, throughout the year, of plates each of which had 
been exposed for four weeks. 

Plates placed horizontally became covered with silt, and barnacles were 
attached to the lower surface only. Plates placed vertically proved more satisfactory 
and free from slit, although the barnacles were always more numerous along the 
upper and lower edges of the plates than in the centre. 

As no Tetraclita serrata, Chthamalus dentatus or Octomeris angulosa were found to 
settle on the plates, on April 1, 1949, areas of rock at St. James were scraped clear of 
barnacles, limpets, etc., in order to watch the settlement and growth of these species. 

The areas chosen were as follows: 

(1) An area g in. square on flat rock just above mid-tide level, and inhabited by 

Chthamalus dentatus. 

(2) An area 18 in. square on vertical rock at mid-tide level, and inhabited by 

Tetraclita serrata. 

(3) An area 18 in, square on rock sloping slightly seawards below mid-tide level, and 
inhabited mainly by Tetraclita serrata. 


THE SETATION FORMULA AND THE DETERMINATION OF SPECIES 


The setation formula (Bassindale 1936), although not a diagnostic character in 
the determination of species, is a useful criterion when taken in conjunction with 
other characters. Crisp et al (1951) found that, ‘The setation, which always 
increases from one stage to the next, is a developmental rather than a specific feature, 
and is useful mainly in separating stages within the species. The species are con- 
veniently differentiated by characters such as shape, size, carapace and labrum 
development.’ 

On considering the setation formulae of the nauplii of South African barnacles, 
it is seen that a stage I nauplius of Octomerts angulosa has identical formulae to that of 
a stage I nauplius of Balanus algicola, and that the stage III nauplii of O. angulosa and 
B. trigonus share the same formulae so this character alone is not sufficient to distin- 
guish the nauplii of these species. If, however, the size, and the shape of the 
carapace and of the labrum of the various nauplii are taken into consideration the 
distinction between the species is very evident. 

Size, together with shape, may be used as a diagnostic character in the determi- 
nation of species, but it cannot be used conclusively without also considering the 
setation formula, in the determination of the various stages within a species. The 
size of nauplii of the same species appears to vary considerably, particularly in 
stages V and VI (see p. 75). Crisp et al (1951) found that size depended on the 
time during development when the moult occurred, differences in morphology of a 
given stage being correlated with differences in size. ‘They distinguished two sizes 
in stage V nauplii, and three in stage VI nauplii depending on whether the nauplius 
was in early, mid or late development in that stage. They also found that, “To a 
lesser degree, differences have been noted within a single species, the larvae developing 
under colder conditions reaching a rather larger size’. In the present work variations 
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in size in stages V and VI have been inserted in brackets in the tables giving measure- 
ments of the larval stages of the nauplii. 

In view of these observations it is apparent that no one character can be used to 
determine both species and stage in barnacle nauplii. A consideration must be made 
firstly of the carapace shape, the form of the labrum and of the caudal appendages 
to indicate the species, and secondly of the size (or size range) of the nauplius and 
the setation formula to determine the stage. 


DESCRIPTION OF THE LARVAL STAGES AND HIsToRIEs 


Balanus algicola Pilsbry 


This species is the most common barnacle occurring round the Cape. Its 
abundance is attributed to its early maturity, and partly to its ability to reproduce 
both in summer and in winter. It occurs on the rocks, on Mytilus meridionalis and 
M. perna below L.W.N., and has been dredged from a depth of twenty-five fathoms in 
False Bay attached to Pyura stolonifera. 

The nauplii of this species were obtained both by the rearing of ova and by 
rearing nauplii selected from plankton hauls taken in the docks. 


The size of individuals of each stage varies within the limits given in brackets in 
Table I. 


Stage Total length Carapace length Carapace breadth 
I o-18 mm. — 0-098 mm. 
II 0-30 mm. mm. 
Ill 0°36 mm, mm. 
IV _ 0-25 mm. 0-22 mm. 
Vv 0.31 mm, (0°27-0°32) 0°30 mm, (0°24-0°36) 
VI 0-46 mm, (0°35-0°56) 0°38 mm, (0°31-0°39) 


Cyprid 0°50-0°53 mm. — 
Taste I. Measurements of the Larval Stages of the Nauplii of Balanus algicola. 
Nore. ‘Total length’ includes length of carapace and caudal appendages. ‘Carapace length’ is length 
of the carapace from the frontal border to the posterior border, excluding the carapace spines. 
Stage I (Fig. 1a). The fronto-lateral horns are small and project backwards along 
the sides of the body; they are often hidden by the antenna and antennule. The 
caudal appendages are short and rudimentary. Stage I is very short lived and 
within twenty-four hours all have metamorphosed to Stage II. 


Stage II (Fig. 15). The anterior end of the carapace is rounded and the fronto- 
lateral horns project at right angles to the long axis of the body. The caudal 
spine measures 0-48 mm. from its junction with the abdominal process, which is 
slightly shorter. 


Stage III (Fig. 1c). Slightly stouter in build than stage II. The posterior carapace 
spines have not yet developed. The labrum is three-lobed with the distal end 
square, i.e. the median lobe does not project beyond the two lateral ones. 
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Fic. 1 

Stages I, II and III Nauplii of Balanus algicola. 
(a) stage I nauplius. 
(6) stage II nauplius. 
(c) stage III nauplius. 

(i) lateral view of caudal region. 

(ii) antennule. 

(iii) antenna. 

(iv) mandible. 
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Fic. 2 
Stages IV and V Nauplii of Balanus algicola. 
(a) stage IV nauplius. 
(6) stage V nauplius. 
(c) cyprid. 
(Appendages numbered as in fig. 1.) 
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Stage IV (Fig. 2a). In this stage the anterior end of the carapace is straighter and 
the posterior carapace spines have appeared. More variation in shape occurs, 
and some individuals have a distinct median groove on the anterior border of 
the carapace. 

Stage V (Fig. 2b). The anterior carapace border may be straight or curved, and is 
often grooved. Small spines mark the terminations of cirriform appendages 
which are developing within the abdominal process. 

Stage VI (Fig. 3a). Variations in the shape of the carapace are more marked than 
in the previous stage. The base of the abdominal process is very swollen, and 
within it can be seen developing six pairs of cirriform appendages. The 
abdominal setae are further developed. The labrum is still three-lobed, but is 
tipped with more distinct hairs. In the young stage VI nauplius the lateral 
eyes have not yet developed; when they first appear they are red, and only later 
do they take on the characteristic black colour. (See also Fales 1g28 and Crisp 


et al 1951). 
Cyprid (Fig. 2c). This seems to vary greatly in size, and has only one visible pair 
of eye spots. 
The setation formulae of the six naupliar stages are as follows: 
Stage Antennule Antenna Mandible 
0.4-2.1.1. 0.1.3.-0.3.2.2.2.G, 
II 0.4.2.1.1, 0.2.5.-0.3.2.2.2.G, 0.1.3.-0.3.2.3.2.G. 
Ill 1.4.2.1.1. 0.2.5.—0.3.2.2.3.G. 0.1.4.—0.3.3.3.3.G. 
IV 1.1.4.2.1.1. 0.3.6.—0.4.3.2.3.G. 0.1.4.-0.4.3-4.3.G. 
Vv 0.4.6.-0.4.3.-2.3.G. 0.1.5.-0.4.3.4.3-G. 
Vi 1.1.1.4.2.1.2.1. 0.4.6.-0.4.3.2.3.G. 0.1.5.—-0.4.3.4.3.G. 
Taste Il. Setation Formulae of the Nauplii of Balanus algicola. 


The Occurrence of Naupli in the Plankton 

Fig. 4 illustrates the number of nauplii in a combination of deep and surface 
hauls over the period October 5, 1948, to December, 1949. The number per haul is 
seen to vary from between 5 and 10 to 2,200, with no apparent steady or consistent 
fluctuations. 


The Settlement of Cyprids 


The settlement of the cyprids of B. algicola on plates immersed for four weeks 
is illustrated in fig. 4c. The results were confirmed by the settlement of plates exposed 
for three to four months; those which were down from January to March, 1949, 
May to July, June to September and the end of August to the end of November, 
collected most barnacles. 


Reproduction 
It was not always possible to obtain sufficient number of living barnacles to 


get a fair analysis of the state of development of the ova, particularly between March 
In July and 


and June when many die off and a new, small settlement takes place. 
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Fic. 3 
Stage VI Nauplius of Balanus algicola. 
(Appendages numbered as in Fig. 1) 
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October up to 60 per cent may show no development of their ovaries, and throughout 
the year there is always about 25 per cent with unfertilized ova in stage I. There is 
some evidence to suggest that development can proceed very rapidly when conditions 
are optimal—a cyprid which settled on an experimental plate some time after 
October 21, 1949, was found on December 2g of the same year to contain embryos in 
stage V, ready for liberation. This spring generation may in turn mature quickly 
and, having liberated nauplii which settle in May, die off after a life of only five 


A Reproduction 


Morch April 


Oct Nov Dec = Jan Feb March Aprit May June July Aug. Sept. Oct Nov Oe. 


Oct Nov Dec Jan Feb Morch April Moy June = July Aug Sept. Oct Nov Dec 
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Diagrammatic Representation of the Reproduction, Larval Life and Settlement of Balanus algicola 
between October 1948 and December 1949. 


(A) Reproduction, showing the total percentage of ova in stages III-V within the mantle cavity. 
(B) Larval stages, representing the total number of nauplii taken in plankton hauls each week. 
(C) Settlement, showing the number of young B. algicola which settled on four-week-old plates. 


months (Table III). This would account for the large number of dead shells found 
in the autumn and winter. If weather or environmental conditions are not so 
advantageous, they may take longer to develop, and nauplii will not appear until 
early in the spring (September or October). 


The Growth of young B. Algicola 


Some general observations were made on the size of B. algicola removed from 
experimental plates, and on the state of development of their ova (Table III). 


Age in months Basal diameter Height Stage of development of the ova 
1 4 mm. 4 mm. No development 
2 6 mm. 7 mm. I-V 
3 7 mm. g mm. I-V 
4 g mm. g mm. I-V 
5 g mm. 10 mm. Barnacles dead 


Taste III. Table giving the correlation between age, growth and maturation of B. algicola. 
‘Basal diameter’ is the maximum rostro-carinal diameter. 
‘Height’ is the maximum height from the base to the tip of the rostrum. 
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These figures show that during the first month growth may be considerable, 
but no development of the ova takes place. In the second month growth proceeds 
and by the end of this period fully ripe embryos in stage V may be produced. 

Average measurements of this species at maturity were 10 mm. in basal diameter 
by g mm. in height, but individuals growing in crowded situations grew in height 
rather than in diameter. 


Parasitism 

Many of the specimens of B. a/gicola examined from the docks, and also some of 
those taken from the rocks at Sea Point were parasitized by an Isopod of Hemioniscus 
sp. This parasite has been recorded previously in Europe, but not to my knowledge 
in the Southern hemisphere. Goodsir (1843) reports the presence of H. balani 
Buchholz in B. balanoides; Buchholz (1866) found it in the same barnacle and also in 
B. ovalis; Caullery and Mesnil (1901) found numbers in B. balanoides at The Hague; 
Pérez (1923) in B. improvisus at Royan as well as in B. balanoides at Roscoff, and 
Prenant (1923) reports it in Chthamalus stellatus at Roscoff also; Crisp (1950) found it 
in B. amphitrite var. denticulata and in Eliminius modestus on the south-west coast of 
England and South Wales. 

The species recorded here in B. algicola and in Chthamalus dentatus in False Bay, 
has not yet been identified fully, but it is similar to, if not exactly identical with, 
that found in the Northern hemisphere. 

Individuals of B. algicola parasitized in Hemioniscus were first noticed in Novem- 
ber, 1948, and the number of parasitized barnacles rose steadily to reach a maximum 
in February, 1949. The parasite does not appear to cause castration of its barnacle 
host, and development of the ova of both proceeds at the same time, i.e. when the 
barnacle ova were in stage I,- Hemioniscus was present in its male form. As develop- 
ment of the barnacle embryos proceeded, Hemioniscus, a protandrous hemaphrodite, 
changed to its female form and ova inside the sac-like body of the female started to 
develop. These ova generally became ripe just after those of its barnacle host, so 
that by the time the barnacle embryos were ready to be liberated, the embryos of 
Hemioniscus were also fully developed within the parasitic parent. The number of 
females present in a single barnacle was often three or four, but as many as seven 
were found in one case, and they seemed to have no deleterious effect on their host. 

The percentage of B. algicola parasitized at the docks was higher than at Sea 
Point. From the end of December to the beginning of February, 1949, the number 
at the docks containing Hemioniscus was 40 per cent whereas at Sea Point it remained 
about 25 per cent. Hemioniscus was also found at St. James, but the percentage was 
always very small. 

Balanus trigonus Darwin 


Balanus trigonus appears on the shore at and below L.W.S., but it has been 
dredged from the bottom of False Bay at depths down to twenty fathoms; Barnard 
(1924) records it at forty fathoms. 

The six naupliar stages were obtained by culturing stage V embryos, and also 
by rearing different larval stages found in the plankton. A detailed description of 
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Fic. 5 
Stages I, II and III Nauplii of Balanus trigonus. 
(a) stage I nauplius. 
(b) stage I] nauplius. 
(c) stage III nauplius. 
(Appendages numbered as in Fig. 1) 
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Stages IV and V Nauplii of Balanus trigonus. 
(a) stage IV nauplius. 
(6) stage V nauplius. 

(Appendages numbered as in Fig. 1) 
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the larval stages will not be given, except for noting distinctive differences between 
this species and B. algicola. The average lengths of the larvae are given below in 


Table IV. 


Stage Total length Carapace length Carapace breadth 
I 0-24 mm. — 0-14 mm. 
II 0°36 mm. — 0-14 mm. 
II! 0-38 mm. o-1g mm. 
IV 0-30 mm. 0-26 mm. 
V — 0°38 mm. 0°32 mm. 
VI 0°57 mm. 0°43 mm. 


Taste IV. Measurements of the Larval Stages of the Nauplii of B. trigonus (for explanation of the 
measurements see Table I). 


Stage I (Fig. 5a). The fronto-lateral horns are more conspicuous than those of 
B. algicola. 

Stage II (Fig. 5). The caudal appendages are closer together and more spinous. 

Stage III (Fig. 5c). The posterior carapace spines have not yet developed; the 
middle lobe of the labrum projects beyond the lateral lobes; and bears a small 
tooth. 

Stage IV (Fig. 6a). The posterior carapace spines have developed. This stage is 
distinguished from B. algicola by the presence of three longer and two shorter 
spines on the endopodite of the antenna. 

Stage V (Fig. 66). The setae on the abdomen have developed. 

Stage VI (Fig. 7). The posterior carapace spines are longer, and the fronto-lateral 
horns project forwards more than in B. algicola. All the setae on the appendages 
are much longer; the antenna bears hairs along its anterior edge and on the 
distal end of each segment of the exopodite. The median lobe of the labrum 
projects beyond the lateral lobes and is hairy. 


Cyprid. Unknown. 


Stage Antennule Antenna Mandible 
I 0.4.2.1.1. 0.1.4.-0.3.2.1.2.G. 0.1.3.—0.3.2.2.2.G. 
II 0.4-2.1.1. 0.2.5.-0.3.2.2.3.G. 0.1.3.-0.3.2.3.2.G. 
Ill 1.4.2.1.1. 0.2.5.-0.3.2.2.4.G. 0.1.4.-0.3.3.3.3.G. 
IV 1.1.4.2.1.1. 0.3-6.-0.5.3.2.4.G. 0.1.4.-0.4.3.4.3.G. 
Vv 0.1.5.-0.4.3-4.3.G. 
VI 1.1.1.4.2.1.2.1. 0.4-7.—0.5.3.2.4.G. 0.1.5.—0.4.4.4.3.G. 


Reproduction 


Taste V. The Setation Formulae of the Nauplii of B. trigonus. 


Regular examinations of adults to get the stages of development of the ova of 
B. trigonus were not attempted owing to the difficulty of obtaining enough specimens. 
From samples taken, however, it has been possible to establish the fact that this 
species normally completes a yearly life cycle. Throughout the winter months there 
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Stage VI Nauplius of Balanus trigonus. 
(Appendages numbered as in Tig. 1) 


| 
»0— 
| SS 


86 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


is either no development of gonads, or they remain in stage I. By August, 1949, 
some were found in stages II, III and IV, and this condition persisted until December, 
1949, when observation ceased ; stage V embryos were present only in November and 
December. Individuals taken in January and February, 1949, from experimental 
plates which had been exposed for three months showed ova in early stage I, but 
there is no evidence to suggest that these became mature before the winter. 


The occurrence of Naupli in the Plankton 


Numbers of stage II nauplii were obtained from nettings taken in St. James 
swimming-pool on December 5, 1949; these must have been just liberated from their 
parents as no other stages were present. Later, on December 13, 2 stage IV, 80 
stage V and 130 stage VI nauplii were counted in a plankton haul taken in False 
Bay. ‘The absence of stage II nauplii in the haul from the Bay suggests that by the 
time the larvae had been carried away from the shore and from their parent stock, 
they had had time to metamorphose to stage III and further, so that few stage II 
nauplii were found in off-shore positions. This confirms Barnes’s (1950) obser- 
vations; in hauls taken at least half a mile off-shore, he found proportionately few 
stage II nauplii compared with the number of older stages present. 


The Settlement of Cyprids 

B. trigonus first appeared on January 12, 1949, on a four-weck-old plate together 
with B. algicola, but two weeks later it had settled almost to the exclusion of the other 
species. Settlement was continuous till after the end of March when the number 
dropped from an average of twenty individuals per plate down to three or four. 
Thereafter throughout the year stray individuals appeared on practically every plate, 
and on July 24 the number rose to ten, then dwindled slowly during December. 


The Growth of young B. trigonus 


The growth in height of young individuals tended to be much slower in relation 
to their length than that of B. algicola, and eventually, when mature, they had a 
greater basal diameter than the latter species (Table V1). 


Age in months Basal diameter Height Stage of development of the ova 
I 5 mm. 25 mm. No development 
2 8 mm. 5 mm. No development 
3 10 mm. 7 mm. I on 12/1/49 
4 18 mm. 7 mm. I on 9/2/49 


Taste VI. ‘Table showing the relation between age, growth and maturation of the gonads of B. trigonus. 


No development of the gonads took place for the first two months, but in the 
summer stage I ova appeared after three or four months. Among barnacles of a 
similar age no signs of growth were ever noted in winter. 


Balanus amphitrite Darwin var. denticulata Broch 


This variety of B. amphitrite was first recognized in South Africa in Knysna 
Estuary in 1947 (Millard 1950), and I have since observed it, often in large numbers, 
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in estuaries in many parts of the west, south and cast coasts of the Union. At 
Saldanha Bay it is extremely abundant on the wooden piles of Langebaan pier, and 
also on the rocks up to H.W.N. On the south coast a few were collected in the 
Sundays River in a salinity of 17-6 parts per 1,000,* and almost covered with mud. 
It occurs also at Port Elizabeth and at Hamburg on the estuary of the Keiskama 
River, where a salinity of 18-49 parts per 1,000 was recorded. 
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Stages I and II Nauplii of Balanus amphitrite var. denticulata. 
(a) stage I nauplius. 
(6) stage II nauplius. 

(Appendages numbered as in Fig. 1) 


Bishop (1950) remarks that this is ‘one of the commonest and most persistent of 
fouling organisms, tolerant of a wide range of temperature and salinity, and is prob- 
ably the most widely distributed of all barnacles’. Crisp and Molesworth (1950) found 
this species to occur in Britain in positions (usually in harbours or docks) where the 
water was artificially heated by the warm effluent discharged from a power station, 
and where it occurred in the open sea near Brighton the settlement was not perma- 
nent; in all places where they recorded var. denticulata the habitat was local and the 
temperature of the water was artificially raised above normal. Although tempera- 
ture may be the main factor influencing distribution in Britain, the same cannot be 
said of South Africa, where along the south coast the temperature of the open sea 


* These values are from single water samples taken in January, 1950, and may not represent 
average salinities. 
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would be high enough for settlement to take place on the shore, but in fact var. 
denticulata is confined to harbours and estuaries. 

B. amphitrite var. denticulata has been taken from rocks, wooden piles of piers, 
and, in St. Lucia, from the aerial roots of the mangrove, Avicennia officinalis. Barnard 
Spe (1924) recorded B. amphitrite var. obscurus Darwin from Port Beaufort, Durban Bay 
and Delagoa Bay (on the aerial rootlets of mangroves), but after examining these 
specimens I am convinced that they are var. denticulata—a variety which was not 
described until 1927 (Broch). 

The form and the coloration of the shell of B.amphitrite var. denticulata have been 
found to vary greatly, not only in different places, but within the same area. 
| Millard (1950) described two distinct forms in Knysna Estuary; one, white, with 
long violet lines, and fairly tall with the opercular valves projecting, while the other 
ve has a more squat form, is usually a dirty white, and the violet stripes are either 
f. absent or only just visible, having been almost corroded away, and the opercular 
plates do not project through the orifice. She found a series of types grading between 
these extremes. Since then, both types and their intermediate stages have been 
found in many places round the coast. | 

At Langebaan var. denticulata is of the tall type, white, and with conspicuous 
violet lines on the plates, the average maximum basal diameter is 15 mm., and the 
height is 10 mm. In Cape Town docks the lines are almost obscured, and the 
shell, a dirty white in colour and on an average larger than those at Langebaan, is 
more like the Knysna types. Smaller specimens occur at Port Elizabeth where the 
average size is 10 mm. in basal diameter and 5 mm. in height; here both tall and 
squat forms are found. At St. Lucia the two forms appear, but those growing on 
mangrove stalks are smaller (they may be young barnacles as none showed developing 
ova), measuring 6 mm. maximum basal diameter by 2-3 mm. high. They are all 
very conspicuously striped and show no signs of corrosion. 

Clearly, then, B. amphitrite var. denticulata is a form which varies not only in 
external shape and coloration, but also in size, and it is suggested that some of the 
varieties of B. amphitrite (namely vars. venustus, niveus, obscurus and possibly pallidus) 
described by Darwin from the south and west coasts of Africa may be merely types 
of B. amphitrite var. denticulata. Unfortunately he describes only the external features 
of the shells of these varieties and gives no details of the soft parts, so that a close 
comparison with B. amphitrile var. denticulata cannot be made without having the 
original specimens to work on. It is considered that the time has come to review 
all the known varieties of B. amphitrite before it can be decided whether, as Bishop 
(1950) suggests, var. denticulata Broch should be raised to the standard of a ‘species’. 


4 


- Description of the Larval Stages 

Stages I and II only were found, and these were obtained by rearing ripe ova 
taken from adults in the Yachting Harbour. These two stages are essentially the 
same as those found in British waters (Crisp, by private correspondence), but the 
South African specimens are slightly larger. The measurements for South African 
individuals are given in Table VII. 
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Stage Total length Carapace breadth 
I o-21 mm. mm. 
II 0°32 mm. o-16 mm. 


‘Taare VII. Measurements of the Larval Stages of the Nauplii of B. amphitrite var. denticulata. 


Stage I (Fig. 8a). The fronto-lateral horns are conspicuous and project at right 
angles to the long axis of the body. 


Stage II (Fig. 86). Specimens obtained from plankton hauls taken in Richard's 
Bay and St. Lucia resemble closely those reared in the laboratory from local 
material. Individuals from Richard’s Bay have longer fronto-lateral horns 
and a stouter caudal process than the Cape specimens; those from St. Lucia 
show an additional pair of lateral teeth on the carapace, but these differences 
are considered to be insignificant. The setation formulae in all cases are the 


same (Table VIII). 


Stage Antennule Antenna Mandible 
I 0.4.2.1.1. 0.2.3.—-0.3.2.2.2.G. 0.1.3.-0.3.2.2.2.G. 
IT 0.4.2.1.1. 0.2.5.-0.3.2.2.2.G. 0.1.4.—-0.3.2.3.2.G. 


Tasre VIIL. The Setation Formulae of the Nauplii of B. amphitrite var. denticulata. 


Reproduction 


Throughout the winter months only a few adults showed any development of 
their ova, but by September, 1949, some were found to contain embryos in stage V, 
and this number increased steadily during October and November. 

On November 11 stage V embryos were removed from an adult in the docks, 
and within three hours the nauplii had hatched and metamorphosed from stage I to 
stage II. Beyond this stage they could not be induced to live. 

Individuals collected at Langebaan in the beginning of April, 1950, all showed 
development of their ova and the majority of these were in stages IV and V. 


The Occurrence of Nauplii in the Plankton 


No stage I or II nauplii have been recognized in the regular plankton hauls 
taken from off Sea Point. 


The Settlement of Cyprids 


Settlement of cyprids of this species was first recognized on plates in the Yachting 
Harbour on December 1, 1949, when individuals were removed from a five-week- 
old plate. A week later 128 specimens were counted on a four-week-old plate, and 
this rate of settlement continued until the end of the month when observations 
ceased. 

At Saldanha Bay in April, 1950, a heavy settlement of cyprids and young 
barnacles covered the rocks and Mytilus meridionalis around M.T.; there were also 
numbers on the wooden pier at Langebaan. 
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Balanus maxillaris Gron. 


This species occurs round the Cape from L.W.S. down to eight fathoms where 
it encrusts red-bait (Pyura stolonifera). Dead shells have been dredged from twenty- 
five fathoms in False Bay and it is quite possible that the species may survive at this 
depth. 


Reproduction 

Very few specimens were obtained owing to the difficulty of making collections 
at L.W.S. Most of the individuals examined were those which settled on the 
frame during the summer of 1948-9. Individuals which settled on this frame were 
left during the winter, samples of them being taken only once a month to note 
progress. None showed development until the end of September, 1949, when three 
individuals had ova in stage I. By the middle of October, however, when it was 
hoped to find others in a later stage of development, all the barnacles had died. No 
adult barnacles could be found after this date. It is unlikely that rapid death at 
this age is natural and it may have been caused by some toxicity in the harbour 
water. Death after the first year cannot be considered as a normal occurrence. 
These barnacles grow to enormous sizes, measurements in the region of 50 mm. in 
basal diameter and 80 mm. in height are quite common, and it cannot be conceived 
that a barnacle should grow to such a size, produce ova and a large, thick shell in 
one year, only to die having done so. 


Settlement 

The first young B. maxillaris was found on a plate lifted in the beginning of 
September, 1949, and by the end of that month eighteen were recorded on one plate. 
This settlement continued until the middle of November, then ceased altogether. 
In False Bay young barnacles were also found in November. 

Growth of this species was rapid. In one month, during September, an indivi- 
dual had reached a height of 6 mm. and a basal diameter of 14 mm. but there was no 
development of the ova. 

Octomeris angulosa Sow. 


On both sides of the Peninsula the rocks between mid-tide and L.W.S. are 
encrusted with this species. It is, however, slightly more abundant on the False Bay 
side, and specimens from there show less corrosion of the opercular valves than 
those which are situated on the colder side of the Peninsula. As there is no seaweed 
covering the barnacles on either coast, wearing down of the opercular valves cannot 
be due to this; greater wave action on the South Atlantic seaboard may be the cause. 


Description of the Larval Stages 

Stage II larvae netted in the swimming-pool at St. James were successfully 
reared to stage IV, and the final two stages were found in plankton hauls from False 
Bay. The cyprid has not been recognized. Larvae of this species are characterized 
by their breadth and the thickset caudal appendages bearing many minute hairs. 
The labrum has only one lobe and this is terminated by two long, slightly incurving 
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Fic. g 
Stages I, Il and III Nauplii of Octomeris angulosa. 
(a) stage I nauplius. 
(6) stage II nauplius. 
(c) stage III nauplius. 
(Appendages nuinbered as in Fig. 1) 
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Fic. 10 
Stages IV, V and VI Nauplii of Octomeris angulosa. 
(a) stage IV nauplius. 
(6) stage V nauplius. 
(c) stage VI nauplius. 
(Appendages numbered as in Fig. 1) 
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teeth. The fronto-lateral horns are long and conspicuous, and the whole anterior 
end of the carapace, including the horns, is often curved under ventrally, making the 
nauplius even shorter and broader in appearance. 


Stage Total length Carapace length Carapace breadth 
I o-18 mm. o-10 mm. 

II 0-30 mm. o-18 mm. 
Ill 0°34 mm. 0-22 mm. 
IV — 0-25 mm. 0°24 mm. 

Vv o-28 mm. mm, 
VI 0°35 mm. o-31 mm. 


Tasie IX. Measurements of the Larval Stages of the Nauplii of Octomeris angulosa. 


Stage I (Fig. 9a). The fronto-lateral horns are conspicuous and project backwards. 
No terminal teeth are visible on the labrum. 


Stage II (Fig. 94). The caudal appendages are thick-set with minute hairs. Very 
small teeth are present between the two ventral spines on the abdominal 
process. 


Stages III, IV, V and VI (Figs. gc, and 10a, b,c). On the antenna the group of setae 
next to the gnathobase is distinct. This group (underlined in the formula of 
stage III 0.2.5.-0.3.2.2.4.G.) is composed of two finer setae; one slightly 
thicker and bearing setules; one with a very broad base drawn out to a short 
spine, with setules on one side of the base forming a comb (Fig. gc). 


Stage Antennule Antenna Mandible 
I 0.4.2.1.1. 0.1.4.—-0.3.2.2.2.G, 0.1.3.-0.3.2.2.2.G, 
II 0.4-2.1.1. 0.2.5.—0.3.2.2.3.G. 0.1.4.-0.3.2.3.2.G. 
III 1.4.2.1.1. 0.2.5.—0.3.2.2.4.G. 0.1.4.—0.3.3-3.3.G. 
IV 1.1.4.2.1.1. 0.3.6.—0.5.3.3.4.G. 0.1.4.—0.§.3.4.3.G. 
1.1.4.2.1.1.1. 0.3-8.—0.5.4.4.4.G. 0.1.5.-0.5.4.4.3.G. 
VI 0.4.8.-0.5.4.4.4.G. 0.1.5.-0.5.4.4.3.G, 


Taste X. The Setation Formulae of the Nauplii of Octomeris angulosa. 


Reproduction 


More barnacles were found to contain stage V embryos in October than in any 
other month of the year, and the number gradually diminished, until by February 
none were ripe. From February (1950) to the end of June individuals rested with 
unfertilized ova in stage I, then development proceeded slowly to reach the October 
peak. 

Individuals of one year and over can easily be distinguished in situ from younger 
ones; older O. angulosa become cemented together on the rocks, whereas the younger 
individuals remain distinct. Examination of the ova of both types show that there 
is no outstanding difference between the time of ripening of first year individuals 
and older forms. 
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The Occurrence of Nauplii in the Plankton 

In November, 1949, numbers of stage II nauplii were present in St. James 
swimming-pool, and in December a few were taken in plankton hauls from False 
Bay. The only other time this species occurred in the plankton was in the middle of 
May, 1949, when some stage V were taken off Sea Point. 


The Settlement of Cyprids 

No O. angulosa became ripe on the experimental plates during the year in which 
these were exposed in the docks. Rock areas scraped bare at St. James proved to be 
too high for the settlement of this species, but young individuals were noted on rocks 


at a lower level in December and January, 1949 and 1950. 


Chthamalus dentatus Krauss 


In the Cape Peninsula this species is confined to the warmer False Bay shore 
where it encrusts the rocks around mid-tide, and is particularly partial to smooth 
horizontal surfaces. Its distribution ends abruptly at Cape Point, and on the 
western side of the Peninsula where the water is colder only rarely are individuals 
found. In warmer currents, however, it thrives and has been recorded from positions 
all along the south coast as far as Durban, but it undoubtedly goes farther as Barnard 
(1933) records its presence in Madagascar. 

First year barnacles of this species are easily distinguished from those of second 
and later years, as the operculum shows little signs of wear and each individual is 
separate. In succeeding years, where the population is dense, they become cemented 
together, and form a crust over the rocks. Where they are crowded, individuals may 
grow in height. 


Description of the Larval Stages 

Stages I and II were reared successfully from embryos obtained from individuals 
collected at St. James in December, 1949. Later naupliar stages have not been 
recognized in the plankton. 

Characteristic of stage II] nauplii is the breadth of the carapace, which bears 
small spines on the posterior border. The short fronto-lateral horns are often tucked 
under the carapace. Caudal appendages are short and stumpy, with many small 
hairs covering them. The labrum is easily distinguished as its single lobe bears teeth 
along the distal end. Setae on the appendages are short and on the antenna small 
hairs are seated in the angle between the exopodite and the endopodite. 


Stage Total length Carapace length 
I o-14 mm. o-10 mm. 
II 0-26 mm. mm. 


Taste XI. Measurements of stage I and stage II Larvae of Chthamalus dentatus. 
Stage I (Fig. 11a). The fronto-lateral horns are clearly visible and there are usually 
five teeth on the labrum. 
Stage II (Fig. 115). The group of setae directly adjacent to the gnathobase of the 
antenna is comb-like as in Octomeris angulosa. The labrum bears ten or eleven 
teeth. 
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Stage Antennule Antenna Mandible 
I 0.4.2.1.1. 0.1.4.-0.3.2.2.2.G. 0.1.3.-0.3.2.2.2.G. 
Il 0.4.2.1.1. 0.2.5.—0.3.2.2.3.G, 0.1.4.-0.3.2.3.2.G. 
Taste XII. The Setation Formulae of the Nauplii of Chthamalus dentatus. 


Reproduction 


Ripe stage V embryos were found from the end of October, 1948, to the beginning 
of May, 1949, with a peak during March. They appeared again at the end of August, 


d 


Fic. 11 


Stages I and II Nauplii of Chthamalus dentatus. 
(a) stage I nauplius. 
(6) stage II nauplius. 

(Appendages numbered as in Fig. 1) 


1949, and were present during the rest of the year with a maximum in the middle of 
December. 


The Settlement of Cyprids 


As the species is confined to warmer waters, no settlement took place on experi- 
mental plates. In February, 1949, they were beginning to settle at St. James and 
showed a preference for the shells of other Chthamalus or Tetraclita. Settlement con- 
tinued till the middle of May. This period of settlement agrees with that recorded by 
Bokenham and Stephenson (1938) in 1936, i.e. from March to May, although in 
1935 they found the species to settle between April and August. In September, 
1949, a few settled, and the number increased to reach a maximum in February, 1959. 
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Chthamalus dentatus at St. James is parasitized by Hemioniscus sp., but no parasites 
have been found in barnacles of this species examined from further up the coast. 
In December, 1949, 18 per cent of the barnacles from St. James were parasitized but 
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Stages I and II Nauplii of Tetraclita serrata. 

(a) stage I nauplius. 

(5) stage II nauplius. 
ee (Appendages numbered as in Fig. 1) 


never more than two were found in one individual. The incidence of parasitism 
in this species is, therefore, much lower than in B. algicola. 


Tetraclita serrata Darwin 


Tetraclita serrata prefers shady rocks between H.W.N. and mid-tide. At Sea 
Point scattered individuals are found especially under overhangs, but at St. James 
they often form a thick crust on the rocks and settle on top of one another. 


Description of the Larval Stages 
Nauplii of this species are easily distinguished from those of any other by their 
large size, and their fronto-lateral horns which project forward in front of the body. 
Only stages I and II have been found, and attempts to rear them were 
unsuccessful, 
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Stage Total length Carapace breadth 
I o-24 mm. o-17 mm. 
II 0-38-0-42 mm. 0°22-0°24 mm. 


‘Tarte Measurements of stage 1 and stage Il Nauplii of Veraclita serrata. 


Stage I (Fig. 12a). Large, with the caudal appendages distinctly visible. 


Stage II (Fig. 126). The caudal appendages are stout and fringed with minute 
hairs. The labrum is three lobed and bears hairs. 


Stage Antennule Antenna Mandible 
I 0.4.2.1.1. 0.1.4.-0.3.2.2.2.G. 0.1.3.—0.3.2.2.2.G. 
II 0.4.2.1.1. 0.2.5.-0.3.2.2.2.G. 0.1.4.-0.3.2.3.2.G. 
Taste XIV. ‘The Setation Formulae of the Nauphi of 7. serrata. 
Reproduction 


At Sea Point 7. serrata was ripe from October, 1948, to the end of February, 
1949; throughout the winter individuals with unfertilized ova in stage I were 
present, and in the beginning of August these became ripe. This season lasted until 
the beginning of February, 1950. 

At St. James the reproductive periods were more distinct. Stage V embryos 
were present from October, 1948, to the end of January, 1949. No signs of gonadial 
development were seen throughout autumn and winter. In September ova began 
to develop, and towards the end of October there were ripe stage V embryos in the 
mantle cavity. The number of ripe barnacles increased rapidly during November, 
and in December up to 30 per cent of those examined had embryos in stage V._ By 
February, 1950, development had ceased. 


The Settlement of Cyprids 

No T. serrata settled on the experimental! plates kept in the docks, but by the end 
of December, 1949, a few young individuals were counted on an area of rock half a 
yard square at St. James, and by the middle of February, 450 had settled. Boken- 
ham and Stephenson (1938) found that in 1936 they settled in May. 


CONCLUSION 


In the Cape Peninsula fouling on ships may be due in part to the attachment of 
one or more of the seven most common species of barnacle described above, but by 
far the most common among them, particularly in Table Bay, is Balanus algicola. 
(No data have been collected regarding the fouling or settlement of B. algicola in 
False Bay. It is thought, however, that its menace as a fouling organism there 
may not be so great, since its occurrence on the rocks is more restricted than on the 
Atlantic side.) 

In figs. 13 and 14 the periods of reproduction and settlement of these seven 
species of barnacle are portrayed in diagrammatic form. The diagrams are not 
drawn to a common scale, and merely serve to show the relative abundance of 
barnacles with developing ova, or the extent of the monthly settlement of each 
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B alqicolo 


B trigonus 


Bomphitrite 


Bmoziliars 


Oanquicsa 
C dentatus 


T serrata 
James) 


T serrota 
(Seo Pont) 


Oct Nov Dec Jan Feb March April May June July Aug. Sept Oct Nov Dec 
Fic. 13 
Diagram to show the Periods of Reproduction of the seven common species of Barnacle found 
round the Cape Peninsula. 


A dotted line indicates a period when either only a few scattered individuals were ripe, or the data 
collected were insufficient to form a true picture of events. 


species. Thus a good settlement of B. algicola is over 1,000 on one experimental 
plate (21 sq. in.), whereas for B. maxillaris a large settlement is about fifteen. 
Excluding B. algicola which, it appears, is capable of reproducing practically 
all the year round (fig. 13), the Cape Peninsula barnacles may contain embryos 
ready for liberation in almost any month of the year, but the main period of repro- 
duction is in spring and summer. The presence of ova within the ovaries during 
certain months of the year is not of any significance as far as liberation of larvae into 
the sea and consequent fouling is concerned, as they all, and in particular O. angulosa 


B teigonus - -- - ---- - - - - -- 
1950 1949 
B 4 a 
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1950 1949 
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Ont Now Dec Jon Feb March = April May June July Auq Sept Oct Nov Orc 
Fic. 14 


Diagram to show the Periods of Settlement of the seven species of Barnacle found round the Cape 
Peninsula between October, 1948, and April, 1950. 
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and 7. serrata, appear to be able to rest with ova in stage I for two to three months, 
probably waiting for a suitable temperature for development to proceed. The 
diagram (fig. 14) showing the periods of settlement is, therefore, of more interest. 
Here we see again that B. algicola settles throughout the year to a greater or less 
extent. As regards the other species, B. trigonus in 1949 shows two periods of settle- 
ment, one in autumn and the other in spring, with stray individuals appearing 
throughout the winter. The same is true of C. dentatus, while B. amphitrite var. denticu- 
lata, B. maxillaris, O. angulosa and T. serrata settle mainly in spring and summer. 

In the dock area of Table Bay it is singular that species of Balanus are the only 
barnacles found either in the plankton or on experimental plates. There may be an 
explanation of this—Chthamalus dentatus, preferring the warmer waters of False Bay, 
is not found in Table Bay, as it rarely penetrates to the west of Cape Point. 
This is probably due rather to the delicacy of the larvae than to the inability of the 
adult to withstand cold, and all those nauplii which get carried round Cape Point 
into the cooler waters die, before they have a chance to settle and become established 
on the rocks. Crisp (1950) found that although Chthamalus stellatus in Britain 
liberates successive broods from May to late September, only those which appear 
in the plankton during July-August survive and settle, also indicating that tempera- 
ture may have a great influence over distribution of the larvae. 

Tetraclita serrata prefers warmer waters and is more abundant on the False Bay 
side, where it occurs on the open shore and in harbours. It is, however, found on 
the Atlantic side also and, therefore, might be expected to appear as a fouling 
organism, but for some reason it does not penetrate into Cape Town docks. 

The larvae of Octomeris angulosa in all stages have been taken off Sea Point and 
therefore, presumably, they can penetrate into Table Bay and the dock area, but no 
settlement of this species has been found either on experimental plates or on the dock 
wall. The absence of O. angulosa from this area may be due to some toxicity in the 
harbour water killing off the larvae before they have settled, or it may be that the 
young barnacle cannot survive in such a sheltered position, as normally it prefers 
wave-exposed coasts. 
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TWO MULTICELLULAR MOTILE GREEN ALGAE, VOLVULINA 
PLAYFAIR AND ASTREPHOMENE, A NEW GENUS 


By M. A. Pocock 
With Plate II and one text-figure 
g 


This paper* deals with a new type of green alga originally found on the Cape Flats and since 
obtained in the United States of America and Australia. Initially identified as a second species of 
Volvulina Playfair, the considerations which led to the establishment of a distinct genus, Astrephomene, 
including the appearance from the Flats of Volvulina itself, are summarized, Playfair’s description 
analysed and the resultant conclusion that he was dealing with two different algae mentioned; the 
steps that resulted in the verification of this conclusion are indicated. The two methods of culture used 
in the investigation are described. 


An amended description of Volvulina steinii Playfair is given and the results of observations made 
during a study of the alga in culture are recorded. 
The genus Astrephomene with the single species A. gubernaculifera is defined, a full account of its 


structure and life history given and its similarity to and difference from Volvulina pointed out, particularly 
the absence of inversion and the possession of a unique directive organ, the ‘rudder’. 


The results of cultures selected to illustrate certain points are summarized and the value of soil 


cultures in the study of algae emphasized. 


The validity of Playfair’s genus is discussed, references by Stein and Carter are analysed and the 
possibility of its occurrence in India suggested. The relation between nutrition and certain features 
common to both algae is discussed, the characters of the two compared and the taxonomic position of 
each considered. A new family of the Volvocales, asTREPHOMENACEAE, is proposed for the reception of 
the monotypic genus, Astrephomene. 


*Part of the work described here was done during the tenure of a Senior Bursary granted by the Council 
for Scientific and Industrial Research of South Africa. 


103 


Wo 
“MARLOTH MEMORIAL 
4 


104 TRANSACTIONS OF THE ROYAL, SOCIETY OF SOUTH AFRICA 


CONTENTS 
PAGE PAGE 
INTRODUCTION: Discovery oF Astrephomene Development of the zygote. . 117 
AND CoMPARISON WITH Volvulina Germination of the zygospore and for 

Cutture Metuops Usep. . . . . 106 mation of germ colony. . 118 
DescrRIPTION OF THE ALGAE . «107 Results of cultures 
I. VOLVULINA sTEINU Playfair. . . . 107 Behaviour of thealgae . . . . 120 
AMENDED DESCRIPTION . . . 107  Drscussion . 

OBSERVATIONS. . . . . . . 108 The genera VOLV ULINA oad 
2. ASTREPHOMENE gen. nov. . . . . 110 ASTREPHOMENE 121 
DIAGNOSIS OF GENUS AND SPECIES. ‘TIT Relation between habitat and nutrition. . . 123 
Habitat. . . Structure of the coenobium. . . . 124 
Structure of the coenobium « Sy 
Asexual reproduction. . . . . 
Sexual reproduction . . . . 116 ACKNOWLEDGEMENTS . . . 126 


INTRODUCTION 

During an extensive field study of Volvoex at the Cape of Good Hope (Pocock, 
1933) a distinctive little motile colonial alga was collected. It was first observed in 
May, 1931, mixed with Exdorina in a collection of Volvox capensis from ponds near 
Belvedere Road, Claremont. Among the deep green, rather elongated colonies of 
the Eudorina were others which, though of similar size, arrested the attention by their 
different movement, shape and much paler colour. Closer study revealed other 
fundamental differences, in particular the structure of the coenobium, presence of 
a directive organ at the posterior pole, and absence of inversion during daughter 
colony formation. 

Pascher (1925) summarizes the account given by Playfair (1915) of a new genus, 
Volvulina, from Lismore, New South Wales, with a single species, V. Steinii. The 
structure of the colony in the South African plant appeared to be similar to that 
described for Volvoulina although closer to some of Playfair’s ‘varieties’ or ‘forms’ than 
to the type. No other accounts of the genus were then available at the Cape, and it 
was concluded that the differences could be regarded as specific and that a new species 
of Volvulina had been found. Accordingly, a preliminary account of the alga under 
that name was given to the Linnean Society of London (Pocock, 1937). Subsequently 
further literature dealing with Voloulina became accessible. Both Gessner (1931) 
and Kisselew (1931) described and figured 16-celled colonies closely resembling 
Playfair’s original material, and Kisselev for the first time described the process of 
colony formation, stating explicitly that cell division was followed by inversion. 
Finally, Korshikov (1938) not only confirmed this account of reproduction, but also 
gave the first adequate description of the structure of the coenobium. From these 
accounts it was obvious that the differences between the South African alga and 
Volvulina Steinii were too fundamental to be regarded as merely specific and that the 
former represented a new genus, showing certain features hitherto unknown among 
the Volvocales or any other group of algae. A new generic name had therefore to be 
found and for some time Volutina was used; but apart from obvious objections to a 
name so similar to Playfair’s choice it was eventually found that it had already been 
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applied to a genus of fungi and was therefore not available. Since the absence of 
inversion is regarded as the most fundamental characteristic, a name suggesting this 
feature seemed appropriate and accordingly the name Astréphoméné has been selected. 

The alga has since been collected in other localities on the Cape Flats but never 
in abundance and only in vleis soon after rain. Fortunately, however, it proved to 
be readily obtainable in cultures of soil from the dried-up pools; moreover, in one 
such culture of soil from De Klip Volvulina Steinii itself appeared and it thus became 
possible to study the two algae side by side in the living state. There could now be no 
doubt that the two were quite distinct; the little 16-celled colonies for the first time 
observed in South Africa were obviously identical with the alga originally named 
Volvulina Stein by Playfair and also collected by subsequent workers in other parts 
of the world and quite distinct from the 32- or 64-celled colonies of Astrephomene. 

Since V. Stein as described by these workers and as observed in South Africa 
appeared to be markedly constant in its characters and never more than 16-celled, 
the question arose as to what interpretation could be put on Playfair’s account of 
varieties and forms. Some were obviously merely different stages of development* 
or individuals composed of fewer cells than the normal sixteen (e.g. his fig. 10), but 
others must be interpreted differently. A more critical study of his paper in the light 
of the fresh knowledge now acquired led to the conclusion that he was dealing not 
with one alga but with two; that while his initial description and some of his figures 
were obviously applicable to and descriptive of the 16-celled alga generally accepted 
as Volvulina Steinii, other figures and some of the varieties as well as part of the 
succeeding remarks were not, but could be interpreted as applying to Astrephomene. 
Thus it seemed highly probable that Playfair had in fact both Voloulina and Astrepho- 
mene in his original collections, The C.S.I.R. Bursary made possible a visit to Australia, 
including Lismore, and there, in March, 1950, both Volvulina and Astrophomene were 
collected. Of the latter only a single large individual was seen, but so distinctive is it 
that in the living state even one well-formed colony is sufficient for identification. 
Final y, complete confirmation of the conclusion already reached was obtained from 
Playfair’s algal samples themselves, deposited by him in the National Herbarium in 
Sydney, where they were made available for examination. In the thirty-five years 
that had elapsed since their collection, some had dried up while in others the material 
was scanty, but fortunately the two samples of greatest importance in the present 
connection were not only in excellent condition but contained an abundance of 
material. Both were from ‘rainwater pools on grassland [once a swamp, I am told] 
alongside the Drill Hall’. Tube No. 244, the Type, June 26, 1914, contained mainly 
Volvulina Stein in varying stages of development, many dividing, but included also 
some colonies of Astrephomene, the majority small but a few large and mature; on the 
other hand, Tube 246 collected July 8, 1914, contained mainly Astrephomene with only 
a small quantity of Volvulina. 


* Curiously, Playfair, while recognizing distinct developmental stages, does not seem to have dis- 
tinguished between them and true varieties, as witness his remarks (1914) on Hydrodictyon reticulatum, 
of which he named three varieties, at the same time stating that they were obviously merely growth- 
stages or variations due to external conditions. 
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That Astrephomene occurs also in other parts of the world had already been 
discovered; cultures made in the Department of Botany of the University of California 
in Berkeley of soil collected in Nebraska and from two localities in California had 
produced both Volvulina and Astrephomene, and both algae from all three sources as 
well as the latter from South Africa had been kept in culture in the laboratory for 
many weeks, affording ample opportunity for study. 

Comparatively little can be added to Korshikov’s able account of Volvulina, by far 
the most complete yet published, but since his paper (in Russian, with a summary in 
English) is difficult of access, and in order to clarify the position, the salient characters 
of V. Steinit in the more restricted sense are enumerated here together with such 
additional information as has been obtained during this investigation. 


Cutture Metuops Usep 


‘Two kinds of cultures have been used; one for obtaining a supply of the algae 
to be studied, the other for establishing them in culture when obtained. 


1. Soil cultures. To obtain the algae, cultures of soil from various localities are made; this proved 
a far more dependable and convenient source of supply than fortuitous collecting in the field. In 
collecting the soil, partof the caked surface or small lumps of dried mud surrounding tufts of Marsilea 
or other small plants are taken from the floor of dried or partially dried pools, preferably near the edge. 
‘To make the culture, a small portion of the soil is put in a beaker or other suitable vessel, moistened 
and placed in the sun for a few hours; then water is added, the soil well stirred and the vessel put in a 
warm, well-lighted place. Glass-distilled water is preferable but rain-water may be used or even tap- 
water if not too heavily treated with chemicals or led through copper pipes. Development is rapid, 
many motile algae including the two in question appearing within 24 hours. It was from such a soil- 
culture, madein July, 1928, with soil collected in the Amazon plains in November of the preceding year 
by Ginzberger (1928), that Gessner (1931) obtained Volvulina. 

It is advisable not to keep the soil too long before using it; the productivity of a soil sample which 
has been kept for several months may decrease considerably in the case of certain algae, including 
Volvulina and Astrephomene. Samples kept for a year or more have repeatedly proved barren so far as 
these two algae are concerned. This cannot, however, be taken as a measure of the longevity of the 
resting spores; the more complete drying up of the sample, beyond the point at which the resistance of 
the spores ends is probably at least partially responsible. 


What species occur in any soil-culture naturally depends primarily on the soil-sample itself; 
the soils from which Voloulina and Astrephomene have been obtained on the whole yield a community of 
remarkably uniform type. ; 

2. Soil-and-water cultures. Once the algae have been obtained, they can be grown in unialgal 
culture by the use of the ‘soil-and-water’ culture method adopted by Pringsheim (1946, p. 11). Clean 
Pyrex tubes or small flasks are used, the former preferable for small algae,since they are more easily 
inspected with a hand-lens. A pinch of calcium carbonate is put in the bottom of the tube, soil to the 
depth of about an inch added, then glass-distilled water to a depth of 2 or 3 inches and the tube plugged 
with cotton wool. The prepared tubes are then steamed for about an hour or autoclaved for a few 
minutes. If necessary they may be inoculated the following day, but it is preferable to repeat the 
steaming once or twice before inoculating. 


To start the culture a drop of water from the soil-culture is put on a slide and colonies of the alga 
to be cultured are picked up with a capillary tube, transferred to glass-distilled water, picked up again 
and again washed. The more complete the washing the better, to keep the number of foreign organisms 
introduced with the algae as low as possible. Even so, such cultures though unialgal are not bacteria- 
free. Many single-colony cultures were made, but when a quantity of material was wanted quickly, 
each tube was innoculated with several colonies. 
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DESCRIPTION OF THE ALGAE 


I. VOLVULINA STEIN Playfair (195), p. 337, Pl. XLIII, figs, 3, 4, 8, 10 (nos. 5-7, 9, 
11); non Eudorina elegans Stein (1878), T. XVI, /. 8; Eudorina Steinii (Playfair) 
Printz (1927), p. 58. 

Figures 1-3; Plate I, A, B 


Small motile colonies of 16 (more rarely 8 or even 4) biflagellate cells arranged 
in alternating whorls of 4 cells each round the periphery of a sphaeroid 45-55 in 
diameter, polar diameter usually a little longer than the equatorial. 

Protoplast as seen in surface view circular, 10-15 in diameter, in side view 
lenticular when young, becoming hemispherical when mature, outer surface closely 
adpressed to the common envelope of the colony. Chloroplast massive, bowl-shaped, 
filling the greater part of the cell; normally without pyrenoids, but stroma starch 
present; at first pale, almost colourless, but becoming greener as population ages. 
Nucleus as seen from above central with large nucleolus. Eyespot large and conspi- 
cuous in anterior cells, on edge of flattened surface farthest from anterior pole, 
smaller in second whorl and either punctate or absent in the two posterior whorls. 
Flagella inserted separately, more than body length. 

Colony enclosed in a delicate but firm hyaline membrane formed by the com- 
pletely confluent outer walls of the component cells; in older colonies very delicate 
membranes can be detected between the protoplasts, extending inwards from the 
outer envelope and coalescing near the centre of the colony dividing it into one- 
celled compartments, usually enclosing a small central space. 

Asexual reproduction by the formation of daughter colonies by all the cells, 
inversion following on completion of cell division. Sexual reproduction incompletely 
known, not observed in the present investigation. 


Occurrence. ‘Temporary rain-water pools, often on alluvial soil, generally grazing-land rich in 
organic matter. 

Geographical distribution. Probably widespread in regions of high summer temperature. As yet 
recorded only from the following localities :— 

Australia: Lismore, N.S.W. (type locality), rain-water pools on grassland near Drill Hall, 
Playfair (1915), lagoon on Richmond River, Playfair (1916), ? pond or ?swamp near Lismore, Playfair 
(1918); pond on Bangalow Road 2} miles from Lismore, March, 1950; Wyrallah Swamp,* ‘Tucki 
Swamp,* both a few miles from Lismore. 

New Zealand: Pond on Sawyer’s Arms Road, Belfast, near Christchurch;* pond near homestead, 
Gallop’s Farm, Flaxton, near Kai Poi.* 

North America, United States: Minnesota, near St. Paul’s, Tilden (1935). Nebraska, rain-water basin, 
Utica.* California, pond 4 miles south of Lemon Cove;* vernal pools on Santa Fé Grade, near Los 
Bafios.* 

South America, Brazil: Amazon plain, Gessner (1931).* 


Europe, Russia: Alt Peterhof near Leningrad, Kisselev (1931); Ukraine, near Kharkov, Korshi- 
kov (1938). 

South Africa, Cape Flats: De Klip, pools on sandy soil adjacent to granite outcrops;* Ottery Road, 
ditch at roadside.* Type: Playfair 244 (mixed with Astrephomene) in Nat. Herb., Sydney. 


* Obtained from svil-cultures, not collected in the field. 
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OBSERVATIONS 

Since Volvulina appeared in numerous soil-cultures and responded well to the 
soil-and-water method of culture, quantities became available for study and it has 
thus been possible to follow the changes in a given population whether in unialgal 
culture or in ordinary soil-cultures. In the latter Volvulina usually makes its appearance 
within a very few days, sometimes within twenty-four hours after addition of water 
to the soil sample. Gessner gives a chronological account of the culture in which he 
obtained Volvulina but does not note the date of its first appearance. 

At first the colonies are very small, almost spherical and nearly colourless with 
small lenticular cells; as Korshikov was the first to point out the 16 cells are arranged 
in four whorls of 4 cells each, the cells of successive whorls alternating with one 
another (figs. 1 and 3), but as the colonies are constantly altering direction it is 
difficult to make out the arrangement unless a colony is momentarily quiescent and 
happens to be lying on its side. As the culture ages and the organic substances are 
used up the colour intensifies, becoming a clear translucent green. Maturity is soon 
reached, daughter colony formation begins and the population increases with great 
rapidity, soon consisting of individuals of all ages from small, newly liberated to fully 
mature colonies. 

Usually all the cells of a colony are identical, except for the eyespots, but in some 
cultures older colonies show a tendency to cell differentiation, the cells of the anterior 
whorl diverging slightly. In the Ottery Road culture many colonies showed a curious 
development, one or more of the cells of the posterior whorl remaining small or even 
degenerating; this was probably pathological but is interesting from the suggestion 
of a resemblance to Astrephomene. 

As the colony reaches maturity and prepares for division the colour intensifies 
and becomes opaque, the cells enlarge inwards until they are more than hemispherical 
and the nucleus with its large conspicuous nucleolus (mistaken by Playfair for a small 
nucleus) becomes more obvious. Division in the cells of a colony is generally more or 
less contemporaneous, all the cells reaching approximately the same stage simulta- 
neously (PI. II, B), but this is not invariably so and a single colony may show several 
stages in development (fig. 3). Sometimes there is a lag in the division of the anterior 
cells, indicative of a faint tendency to somatic differentiation. 

As division begins, the common membrane of the colony starts to enlarge and 
the cells become more widely spaced. This enlargement progresses steadily until on 
the completion of embryo formation the diameter of the colony has about doubled. 
Consequently dividing colonies are easily distinguished by their larger size while the 
radial walls between the cells are more easily seen. Cell division is soon completed, 
resulting as in all the Volvocaceae (sensu G. M. Smith, 1950) in a single layer of cells, 
concave outwards. In this case, since the number of cells is small, they form a shallow 
bowl or saucer, which immediately inverts and closes to form a tiny sphaeroid. During 
inversion emission of the flagella begins although they do not attain their full length 
for some time. Throughout the process the colony continues motile but there are 
periodic pauses (possibly coincident with actual nuclear division) when it ceases to 
move, coming to rest on the bottom whether slide or soil, only to resume movement 
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after a short interval. After the embryos are formed a comparatively long period of 
active movement follows during which the daughter colonies mature, their size 
increasing slightly and their shape altering. Movement of the embryos within the 
parent colony during this period was not observed. Movement begins to slow down, 
the enlarged colonies moving sluggishly over the floor; eventually even this ceases, 
indicating that the embryos have freed themselves from the parent flagella, the 
daughter colonies begin to move within the membrane which enlarges still further 
while the radial walls disappear. ‘The movement increases rapidly and after a few 
seconds of great activity the membrane ruptures, the embryos (about 18-24); in 
diameter) escape and swim away. 

In general, colony formation was not observed in the early part of the day. 
Dividing colonies first become noticeable in the late afternoon, the process is completed 
during the evening and by the following morning most of the embryos have been 
liberated. Nuclear behaviour was studied (Cave and Pocock, 1951) and counts of 
7 and 8 chromosomes were obtained (l.c., p. 809 and figs. 32, 33); further study is 
needed to elucidate the significance of this difference in chromosome number. 

The normal number of cells is 16, never more, but in active crowded cultures 
8- or even 4-celled colonies occur (Pl. II, A). In the latter case the cells are in alter- 
nating pairs, otherwise always in whorls of 4. The lower number of cells is fortuitous 
and on transference to less crowded conditions in fresh culture medium both 4- and 
8-celled individuals produce normal 16-celled daughters. 

In some cultures at times a marked ‘clumping’ occurred, certain individuals 
apparently exerting a definite attraction on other, usually smaller, colonies which 
clustered round them, the whole group moving rapidly through the water. ‘The 
phenomenon strongly suggested the onset of a sexual phase, but in every such case 
observed the colonies soon separated again without liberation of gametes or any sign 
of conjugation, nor were any cells resembling zygotes ever seen. Korshikov obtained 
in hanging drops ‘newly formed planozygotes’ and ‘already formed quiescent zygotes 
with one or two pyrenoids’ but did not observe formation or copulation of gametes. 
Later the zygote walls became deep brown without thickening. Unfortunately, this 
remains the only information as yet obtained on the subject of sexual reproduction. 


2. ASTREPHOMENE gen. nov. (Gk. ozpedopuery, turning itself, and q@ a privative) 


Algae motiles parvae; coenobium cavum sphaeroide, cellulis biflagellatis 
formatum; cellula una quaeque in protoplasta consistit quae membrana delicata 
hyalina circumcincta est, et zona sine colore a membrana separata; membranae 
cellularum adiacentium inter sese artius cohaerent, murum coenobii formantes; 
murus nullus est circa coenobium communis. Cellulae omnes similes sunt, paucis 
admodum exceptis, quae somaticae sunt et ceteris minores: quae cellulae somaticae 
semper ad polum coenobii posteriorem exsistunt. 

In reproductione asexuali protoplasta cellulae cuiusque, somaticis exceptis, ad 
coenobium novum formandum sese dividit: novi coenobii cellularum ad partem 
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Fics. 1-3 Volvulina Steinti. 1, polar view, anterior pole. 2, optical section, third tier of cells. 3, colony 
in side view, some cells forming daughter colonies. 

Fics. 4-30 Astrephomene gubernaculifera. Structure, figs. 4-7. 4, nearly mature colony, side view, optical 
section. 5, anterior pole, surface view. 6, posterior pole, surface view, showing rudder. 7, single 
cell from anterior pole, surface view. 

Asexual reproduction, Fics. 8-16. (a) Surface view, 8, first nuclear division complete, cleavage beginning. 
9, 4-celled stage. 10, third nuclear division complete, cleavage beginning. 11, 8-celled stage. 
(b) Side view, 12, flattening of outer wall preparatory to division and 2-celled stage. 13, 8-celled 
stage. 14, 16-celled stage. 15, cell division nearly complete, optical section. 16, daughter colony 
fully formed, flagella developing; parental eyespot and flagella still present. 

Sexual reproduction, Fics. 17-25. 17, escape of gametes. 18, gametes of various sizes beginning to 
conjugate. 18-20, gametes of various sizes. 21, conjugating gametes enclosed in hyaline membrane 
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exteriorem versus diriguntur, ita ab initio cellulae recte orientatae sunt nec ulla 
inversio unquam fieri possit. 


ASTREPHOMENE GUBERNACULIFERA sp. nov. (Lat. gubernaculum, a rudder). (Volvulina 
Stein var. sub-reniformis, var. parvicellula in part, and forma Playfair (1915), 
p- 338, Pl. 43, figs. 5, 6, 7, 9 and 11) 


Figures 4-30; Plate II], C-Q 


Coenobium 64 cellularum, rarius 32, quarum 4 aut, cum 32 sunt, 2 ad polum 
posteriorem somaticae sunt; cellulae somaticae ceteris minores cum flagellis pariter 
retro fluentibus, organi dirigentis vel gubernaculi vice fungentibus. Protoplasta 
globosa, postea ad partem exteriorem complanata, primo subviridis sed pallidissima, 
paene sine colore, postea saepenumero clare virescit; chlorophyllum in strato 
parietali denso diffusum, nucleus centralis; flagella separatim in area clara apicali 
hinc illinc inserta; stigma punctis posterius unde eminent flagella et pariter ab eis 
distans, grande in cellulis anterioribus, ad polum posteriorem versus paulatim immi- 
nutum; nulla pyrenoidis sed amylum stromaticum multum. 

Reproductio asexualis: Protoplasta cellulae cuiusque, cellulis gubernaculi 
exceptis, se dividit ad novum coenobium formandum, quod, effecta divisione, dum 
adhuc flagella parentalia agitat, intra cellulae parentalis membranam oscillare coepit; 
postea per foramen in media membrana exteriore effugit; coenobium parentale per 
totam rem moveri non desinit. 

Reproductio sexualis per gametes biflagellatas varia magnitudine efficitur: tota 
cellulae cuiusque protoplasta effugit ad unicam gametem formandam; gametes binae 
coeunt (omnium magnitudinym temere) ad planozygotes quadriflagellatas formandas. 
Post aliquot activitatis horas, intra quas 2 pyrenoides format et murum subfuscum 
extrinsecus undulatum planozygotis acquiescit, flagella reducit et zygosporum 
quiescens crasso muro fit. Cum denique germinant haec zygospora zoospora biflagel- 
lata generant. Zoosporum subrubidum pallidissimum est et statim sese dividere 
coepit ad novum coenobium formandum haud aliter quam in reproductione asexuali: 
coenobium sic generatum primo minutissimum est sed cito augescit et maturum intra 
paucas horas fit. 

Coen. lat. 86-164, long. go-173; cell. diam. 18-24, protopl. 14-184; cell. 
gubern. 12-14, protopl. 8-9, flag. 32-354; coen. fil. lat. 19-23, long. 22-26; 
zygosp. 17-20. 

Astrephomene gen. nov. 
Small motile algae, the coenobium hollow, sphaeroidal, composed of biflagellate cells; each cell 


consisting of a protoplast completely enclosed in a delicate hyaline membrane and separated from it 
by a colourless zone; membranes of adjacent cells adhering more or less closely to one another to form 


preparatory to final fusion; 22, planozygote recently formed. 23, planozygote with developing 
wall, and 24, with wall fully differentiated. 25, zygospore soon after coming to rest, with two 
pyrenoids. 

Germination of zygospore, Fics. 26-30. 26, small asymmetric zoospore; 27, larger spherical zoospore. 
28, first division in formation of germ-colony beginning. 29, two-celled stage and 30, 4-celled stage 
of germ-colony, flagella of zoospore still present and wall expanded to form the vesicle. 

Figs. 1-6 x 250; all other figs. x 500 


‘ 
y 
il 
le 
d 
to 
ne 


112 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


the wall of the coenobium; no common wall surrounding the coenobium. Cells all alike except a small 
number which are somatic and smaller than the rest: somatic cells always at the posterior pole of the 
coenobium. 

In asexual reproduction the protoplast of each cell except the somatic cells divides to form a 
daughter colony: the nucleus in the resultant cells lies towards the outside so that from the first the cells 
of the young coenobium are correctly orientated and consequently no inversion takes place. 
Astrephomene gubernaculifera sp. nov. 

Coenobium of 64, more rarely 32 cells* of which 4 or 2 respectively at the posterior pole are 
somatic; somatic cells smaller than the rest with their flagella streaming out behind side by side to form 
a directive organ or rudder. 

Protoplast globose later becoming flattened towards the outside, at first very pale green, almost 
colourless, later often becoming bright green; chloroplast diffused in a massive parietal layer; nucleus 
central; flagella inserted separately on opposite sides of the clear apical area; stigma posterior to the 
points of insertion of the flagella and equidistant from them, large in the anterior cells, gradually 
diminishing towards the anterior pole; no pyrenoid, but abundant stroma starch is formed. 

Asexual reproduction: The protoplast of each cell, except the rudder cells, divides to form a 
young coenobium which on completion of cell division while still activating the parental flagella begins 
to oscillate within the membrane of the parent cell; eventually it escapes through a pore formed in the 
outer wall; parent coenobium actively motile throughout the process. 

Sexual reproduction effected by biflagellate gametes of varying size; the whole protoplast of each 
cell escapes to form a single gamete, gametes conjugate in pairs irrespective of size to form quadri- 
tlagellate planozygotes. After some hours of activity during which it develops and secretes a brownish 
wall undulate on the outside, the planozygote comes to rest, withdraws its flagella and becomes the 
thick-walled zygospore. 

On germination these zygospores give rise to biflagellate zoospores; the zoospore is very pale 
reddish-brown and begins at once to divide to form a new coenobium just as in asexual reproduction. 
The newly formed germ colony is very small but rapidly increases in size, reaching maturity in a few 
hours. 

Occurrence. Newly formed temporary rain-water pools usually on grazing-land and therefore rich 
in organic substances. Water neutral or very slightly acid, pH about 7. 

Geographical distribution :— South Africa: The Cape Flats (type locality),+ ponds near Belvedere Road, 
Claremont, May, 1931, May-June, 1932; De Klip, pools on sandy soil adjacent to granite outcrops, 
June, 1933, May-June, 1934, April, 1935, and subsequently many soil-cultures; Ottery Road, ditch at 
roadside. 

Australia: Lismore, N.S.W., rain-water pools on grassland near the Drill Hall, Playfair (1915) 
in part; pond on Bangalow Road 2} miles from Lismore, March, 1950; Wyrallah Swamy.t 

North America, the United States: Nebraska, rain-water basin, Utica;t California, pond 4 miles 
south of Lemon Cove; vernal pools on the Santa Fé Grade, near Los Bafios.t 

Type: In Herb. M. A. Pocock. 


OBSERVATIONS 


1. Habitat. Astrephomeng has been studied mainly from soil-cultures but has been 
collected in the field a number of times from different localities on the Cape Flats as 
well as near Lismore. In South Africa it is always found in small temporary rain-water 
pools or in ‘vleis’ on grazing land in the first few weeks of their existence, after which 
it disappears entirely from the algal population. Such vleis are usually formed at the 
beginning of the rainy season, may disappear after a few days or last for some months 
but in summer always dry up completely. When first formed the water, although 


* These are the typical numbers. Since this paper was completed, in some vigorous cultures large 
colonies composed of 128 cells of which 4 were somatic have been seen; on the other hand if 
conditions are adverse the number may drop to 16. 

+ It is difficult to designate a more exact type locality: although first collected near Belvedere Road, 
most of the material studied has been from De Klip, but both localities have now been destroyed. 

t From soil-culture; not collected in the field. 
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approximately neutral (pH about 7), may contain a comparatively high proportion 
of organic matter. 

The pond on the Bangalow Road near Lismore, artificially deepened as a 
drinking place for cattle, is somewhat similar, drying up completely in the dry season; 
when Volvulina and Astrephomene were found in it there had been recent rains. Both 
Marsilea and Azolla were present in the pool. 

The American localities, though in some ways different from one another, 
nevertheless have some of the same characteristics. The ‘fresh-water basin’ at Utica 
is very like an extensive vlei in those parts of South Africa which have a summer 
rainfall. Early in July, 1948, it was full, the extent fluctuated according to the amount 
of rain, but even in the short period (four weeks) during which it was under observa- 
tion parts dried up completely. Although this was to some extent due to drainage 
operations, some parts dried under natural conditions. ‘The Lemon Cove pond is a 
large one on farm land and contains water for a great part of the year. In April, 1949, 
it was full; when next visited at the end of May it had shrunk considerably and a large 
part was dry or consisted of rapidly drying mud. In October it had again filled. The 
soil used in the cultures was collected from the dry edge of the pond with small tufts 
of Marsilea, which was also present both at Utica and in the Santa Fé Grade samples. 
The latter were collected from dried ‘vernal pools’ along the Grade. These Californian 
vernal pools offer certain close parallelisms with South African temporary vleis. In 
all cases the pools were on land grazed by cattle. 

As it proved not only possible but easy to obtain the algae from soil-cultures, 
this source of supply has largely replaced field collections. 


2. Structure of the coenobium (figs. 4-6, Pl. 11, D-Q.). The plant body in Astrephomene 
is a hollow sphere or spheroid of peculiar construction—each individual cell is 
enclosed in a distinct wall of which the outer membrane is separated from the proto- 
plast by a clear colourless zone; the walls are united laterally to form the single layer 
of more or less rounded cells enclosing a large central space. At first the walls adhere 
so closely that this space is completely cut off from the surrounding water (figs. 4, 6, 
Pl. II, O, P), but with growth the adhesion becomes less close; the cells begin to 
separate, at first at the angles where several walls meet, later more extensively, so that 
many passages through the cell-layer are formed giving free access to the enclosed 
space (fig. 5, Pl. II, D, M). The protoplast lies more or less centrally in the cell but 
usually slightly nearer the outer membrane without, however, coming in contact with 
it and never adpressed to it. The flagella arise on opposite sides of the apical region of 
the protoplast and pass across the clear colourless zone surrounding it to emerge 
separately through the central region of the outer membrane; three or more 
contractile vacuoles lie round the colourless zone (figs. 4, 7). 

The component cells are all equal in size except for a small number, typically 
four or two, at the posterior pole; at maturity these are about half the diameter of the 
rest. As they are sunk slightly below the general level they give the colony its charac- 
teristic truncate appearance. In the asexual colony at any rate they are somatic in 
that they have lost the power of division, and are differentiated from the rest not only 
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in size but also in form and jin the behaviour of their flagella—the apices are slightly 
drawn out and inclined towards one another so that the four pairs of flagella emerge 
in close proximity and form a directive organ, the ‘rudder’ or gubernaculum (fig. 6, 
Pl. II, D, E, L, M, etc.). The effect of the rudder is seen in the purposeful type of 
movement which characterizes Astrephomene; the colony rotates on the polar axis on 
the posterior extension of which the flagella of the rudder stream out while the colony 
moves steadily forward along the anterior extension. Changes of direction are 
frequent and rapid but the oscillatory or spiral path characteristic of many motile 
algae is markedly absent. The rectilinear movement is more noticeable in the case 
of colonies with four rudder cells than in those with two. 

The colonies first found in a culture are invariably pale, almost colourless, but 
later chlorophyll becomes more abundant and eventually the cells may be a clear, 
bright green. In soil-and-water cultures especially, the larger colonies are usually 
fully green. Even so, no pyrenoids ever develop. The very pale colonies at first show 
no starch reaction but later there is usually abundant stroma starch. The massive 
bowl-shaped chloroplast fills the cell except for a thin, usually undistinguishable, 
mantle of cytoplasm and a central colourless region. This lies in the hollow of the 
bowl extending to the anterior pole of the cell and contains the nucleus with its large 
conspicuous nucleolus. Nuclear structure and division will be dealt with in a sub- 


sequent paper. 


3. Asexual reproduction (figs. 8-16, Pl. Il, G-Q.). In general, only the gubernacula 
are somatic and all the other cells of the colony function as gonidia, producing 
daughter colonies. As the cell matures the protoplast broadens and the outer surface 
flattens preparatory to the first division, while the clear apical region enlarges; division 
is of course confined to the protoplast and although it is convenient to speak of dividing 
cells it must be made clear that the wall is never involved. Throughout, division is 
longitudinal and cytoplasmic cleavage immediately follows nuclear division. After 
the first division one of the two daughter cells retains the stigma while the flagella 
may either both pass to one cell or may separate, one going to each daughter cell. 
The apices of the cells diverge slightly and the second cleavage, in a plane perpendi- 
cular to the first, quickly follows, resulting in a group of four cells with the divergent 
apices directed outwards thus forming a slightly convex plate. Successive planes of 
division continue to diverge and consequently throughout the process the developing 
embryo is convex, the convexity continually increasing until with the last division it 
is already a hollow spheroid open at the posterior pole but with the constituent cells 
already possessing their final orientation. Obviously no inversion is necessary; closure 
of the posterior opening by the close apposition of the adjoining cells completes the 
formation of the daughter colony. A comparison of the figures with the various 
stages shown in the photographs (most of them of living unstained colonies) will make 
the successive stages clear; the process is very regular and the ‘pattern’ at the 4-, 
8- and 16-celled stages in particular most characteristic. 

Formation of flagella immediately follows completion of cell division, each cell 
of the embryo beginning to put out two flagella which rapidly lengthen. Two of the 


, 
‘ 
4 
( 
| 
I 


‘SY 


TWO MULTICELLULAR MOTILE GREEN ALGAE 115 


cells still retain and activate the parental flagella while a third near the posterior pole 
retains the large parental stigma. What exactly happens in the two former has not 
been determined, but it is probable that they each develop their own flagellary 
apparatus while still operating the parental flagellum. 

With the emission of flagella the embryo begins to move within the vesicle formed 
by the cell membrane, but since the parental flagella hold the anterior pole in 
position complete rotation is impossible, so the little colony starts to rotate in one 
direction, is pulled up short, and movement is reversed. The resultant movement is 
a most curious jerky rocking one getting gradually stronger as the flagella lengthen, 
until finally the embryo frees itself from the parent flagella; a pore is formed in the 
centre of the outer wall, no doubt by an enzyme secreted by the embryo itself, and 
the young colony squeezes out, undergoing considerable transitory distortion as it 
does so. It recovers its shape as it emerges, there is a momentary pause, and then it 
darts away to begin its independent life. As one embryo after another escapes and 
the parental flagella in turn cease to function, the movement of the colony which has 
continued steadily throughout gradually slows down, but so long as even one daughter 
remains in position it does not entirely cease; even after the last one has been liberated 
the empty cell walls may remain in position, the gubernacula alone remaining in the 
‘ghost’ of the coenobium to which they may still impart a feeble rotary motion. On 
one occasion (May 24, 1934), in a culture of soil from De Klip, a large colony (137 
< 145) came under observation at 9 p.m.; all the cells except the gubernacula 
(protoplasts gz) were forming embryos some of which (22 x 26u) were already 
moving, others still in process of formation. By 11.10 p.m. all the embryos except 
two (18 x 234) had escaped. At 11.20 one of the latter made its way out and at 
11.30 the last daughter emerged, breaking the vesicle towards the outside; the four 
polar cells with their long flagella (35) alone remained, with the empty walls still 
outlining the form of the coenobium. On another occasion the addition of a drop 
of methylene blue to a mount of Astrephomene revealed a perfect ‘ghost’ colony, all 
the cells empty except a single directive cell which by itself was still causing slight 
movement to the empty colony; since there were no protoplasts to obscure the view, 
the walls showed beautifully, the outer membrane stained a rather deeper mauve or 
reddish purple than the inner. Apparently the directive cells soon degenerate but 
there is some indication that they may also escape although they do not divide. 

In some cultures a somewhat different procedure was observed. For some reason 
the connection between the component cells was very slight and as the colonies 
matured the constituent cells separated more or less completely; the culture was full 
of single cells and small groups of cells most of which, though still motile, were not 
moving actively but tending to settle down on the slide. At first it was thought that 
a sexual phase was beginning, but instead of forming gametes, the cells proceeded to 
divide to form daughter colonies in the usual way. Whether this ever occurs in nature 
is unknown; so far it has been observed only in tube cultures and is probably the 
result of some external factor. 

After liberation the tiny, nearly spherical colonies are very active; they are pale, 
usually almost colourless, with closely packed cells which in surface view are more or 
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less polygonal and about 4 in diameter. Between them clear lines soon appear, 
indicating the developing walls. All appear alike and it is only as growth advances 
that the directive cells are distinguishable; whether they are formed, as seems 
probable, at the posterior pole has not been definitely established. Eyespots soon 
appear and later chlorophyll becomes evident. The total number of cells is typically 
64 with 4 directive cells or 32 with only 2; both types may occur at any time in a 
culture and each may give rise to daughters of both 32 and 64 cells. The directive 
cells are usually grouped together, but now and again one may be separated from the 
rest by one or more intervening large cells; it was probably a case of this kind that 
was the original of Playfair’s fig. 6. Occasionally colonies with three or only one were 
observed, 


4. Sexual reproduction (figs. 17-25). The sexual phase occurs regularly in both soil 
and unialgal cultures and usually supervenes after a day or two of active asexual 
multiplication, but the time varies considerably, depending not only on food supply 
but also markedly on temperature. Mature sexual colonies are in general smaller than 
the asexual, but there is considerable variation in size. Each cell, the gubernacula 
apparently included, functions as a gametangium producing a single gamete. ‘The 
onset of the sexual phase is characterized by the presence of many apparently broken 
colonies, in this resembling the initial stage of the second method of asexual reproduc- 
tion just described. The break may be apparent only, due to gametes having escaped 
singly leaving the empty walls in position, or it may be actual, resulting from the 
separation of cells or groups of cells from the colony. 

There are two modes of liberation of gametes. In the first the central region of 
the outer membrane of the cell gelatinizes, a pore is formed and the protoplast 
squeezes out just as does the embryo; as it does so the clear colourless cytoplasmic zone 
surrounding the chloroplast for the first time becomes apparent (fig. 17). As the gamete 
slips out of the cell wall it recovers from the distortion suffered in the process but 
remains slightly more elongated than when within the cell. Again escape is followed 
by a momentary pause after which the flagella once more become active and the 
gamete swims away. In the second and more frequently observed method the whole 
colony disintegrates, all the walls gelatinizing more or less simultaneously, setting free 
the protoplasts as gametes. , There is strong mutual attraction among such sexual 
colonies so that they congregate in groups, hence a large mass of gametes derived 
from a number of colonies results, probably held together by dilute mucilaginous 
material derived from the walls, and pairing takes place immediately, free ‘swarming’ 
in the usual sense being conspicuously absent. Often the first method marks the early 
stage of a sexual phase, the second developing as sexual reproduction becomes general. 
Since there is great variation in the size of the colonies and consequently of the 
constituent cells, there will be a corresponding variation in the size of the gametes 
derived from them so that at first sight Astrephomene appears to be anisogamous, but 

‘the anisogamy is apparently fortuitous and one of size only, and does not indicate a 
sexual difference in the gametes; pairing takes place irrespective of size—large may 
pair with large, medium or small, medium and smal! may pair together or with one 
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another (figs. 18-20). Further, the size of the eyespot in the gamete varies from large 
to very small, or it may be absent altogether if the gamete is derived from one of the 
gubernacula or from a cell near the posterior pole of a large colony. Consequently, 
although most of the zygotes have two eyespots, these may vary in size and some 
zygotes may have only one or even none at all. 

Movement during conjugation is characteristic; the pairing gametes remain 
more or less on one spot but show the curious quivering motion often seen in conjuga- 
tion. Union starts with the apices and gradually extends backwards, the two gametes 
coming into close contact laterally. At first this was taken to be actual fusion, but 
when the process is watched with the js” oil-immersion lens it can be seen that the 
two gametes are still distinct, lying side by side with the contact sides flattened against 
one another, within a delicate hyaline membrane (fig. 21). This close contact may be 
achieved within four or five minutes of first association and is followed by a pause 
lasting sometimes twenty or thirty minutes during which movement practically 
ceases; the protoplasts retain their entity and the two nuclei may be distinctly seen, 
lying adjacent to one another. Eventually, however, the two apices approximate 
more closely, the nuclear regions merge into one another, and fusion is completed. 
Thereupon active movement is resumed and the quadriflagellate planozygote swims 
away. During the period of quiescence the conjugants apparently maintain their 
position by contact of the apices of the flagella with some surface, whether glass slide, 
cover-slip or water film, or in nature some soil-particle or plant debris; when move- 
ment is resumed this contact is broken. During conjugation the contractile vacuoles, 
three or more in number, are clearly seen. 


5. Development of the zygote (figs. 23-25). The zygote has a comparatively long life 
in two distinct stages, the first actively motile, the second non-motile, as the resting 
spore which tides the alga over periods of drought, etc. As the planozygote it enters 
on a short period of great activity, during which extensive changes take place, particu- 
larly in the wall, and a store of food is laid up for subsequent development. When first 
formed (fig. 22) the wall is a delicate hyaline membrane; it soon begins to thicken, 
becoming undulate on the outside with a shallow saucer-shaped depression at the apex 
where the flagella emerge; the colour changes, at first to pale yellow, later darkening 
to yellowish brown. At the same time changes are visible in the protoplast though 
to some extent obscured by the darkening of the wall. The whole protoplast becomes 
denser, more granular, and at first dark green; most notable is the appearance within 
it of two small pyrenoids, organelles which have never been seen in any cell of the 
haploid phase. These changes take place with great rapidity; the planozygote may 
come to rest within an hour from the first beginning of conjugation before the changes 
are complete, or it may continue motile for some hours (figs. 23, 24). Eventually it 
settles down, the flagella are withdrawn, eyespots disappear, the thickening of the 
wall is completed, the colour of the protoplast changes to golden-brown and the 
zygote enters its final state as the resting- or zygospores (fig. 25). Extensive areas of 
the wall of the culture vessel, usually near the surface of the water, may be covered 
with a dense layer of small pale brown zygospores. 
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The duration of the resting stage is variable; in nature it must obviously often 
be the greater part of a year or even longer, since some of the pools in which Astrepho- 
mene occurs may contain water for a few weeks only or in seasons of drought may even 
fail to form. On the other hand several alternating periods of wet and dry weather 
may result in the pools forming and drying up completely several times in one season. 
Soil collected immediately a pool has dried up may on the addition of water yield an 
abundant crop of the alga. The loss of viability in a soil sample after a few months 
has already been mentioned. 


6. Germination of the zygospore (figs. 26-30). The biflagellate zoospores which 
result from germination have been obtained and their development followed, but 
the changes in the zygospore preceding their formation and their liberation have not 
yet been seen since all attempts to induce germination in isolated spores have so far 
failed. Since the following observations illustrate several points of interest they are 
described here in some detail: 


At 6 p.m. on October 11, 1948, water was added to a small sample of De Klip soil in the laboratory 
at Berkeley and the culture placed on the sill of a north window above the hot-water pipes. 

The following day at 4 p.m. it was examined and a small pale-reddish colony of Astrephomene 
was found. Further search was made and a number of small flesh-coloured motile unicells as well as 
similar motile bodies of 2 and 4 cells each were obtained. Some of these were put in hanging drops 
where they could be examined with the oil immersion lens and their behaviour watched. The colour 
was found to be due to minute droplets of reddish oil scattered through the protoplast and obviously 
the biflagellate organisms were the product of germination of resting spores. In size the zoospores varied 
considerably as well as in shape. Some were small and flattened on one side, suggesting that several 
had been produced from a single germinating spore (fig. 26), while others were comparatively large 
and practically spherical (fig. 27). In all, the finely granular protoplast destitute of chlorophyll and 
the absence of a pyrenoid showed a close resemblance to young Astrephomene cells. There was no eyespot, 
and movement though continuous was unaffected by the direction of the light. In the hanging drop 
some settled down at the edge immediately while others continued to move about steadily until develop- 
ment was well advanced. Allowance must be made for somewhat unnatural conditions since the light 
was certainly more intense than would be normal, and despite the use of a water-bath and frequent 
removal from the microscope stage the temperature was probably also rather high. Nevertheless a 
number developed quite normally into Astrephomene germ-colonies, the sequence of division and sub- 
sequent development being exactly comparable to the process of embryo formation in vegetative cells. 
Of a number of zoospores whose development was watched the following is the most complete record :— 

5.10 p.m. Zoospore large, spherical, flesh-pink and actively motile; soon came to rest near the 

edge of the hanging drop. No obvious wall (fig. 27). 
5.30 p.m. First cleavage complete. Wall now distinct, separated from the protoplast, forming a 
small vesicle (figs. 28, 29). 

5-40 p.m. Four-celled stage (fig. 30). 

6.07 p.m. Fourth cleavage beginning. 

7-25 p.m. Cell division complete; the 32 cells of the colony beginning to put out their flagella. 

7.30 p.m. Movement of colony within the vesicle beginning, at first a gentle rocking motion, 

rapidly strengthening as the flagella elongated, and the rounding of the colony was 
completed by closure of the posterior opening. 

7.50 p.m. Development complete, colony rotating within the vesicle. Escape from the latter 

not seen but obviously soon follows. 


Escape is probably brought about by complete gelatinization of the vesicle wall. 
The following morning no zoospores remained in the hanging drops, instead a number 
of small colonies were swimming freely in them, already showing increase in size. 


l4a 


eer 
‘ 
fi 
ul 


TWO MULTICELLULAR MOTILE GREEN ALGAE 11g 


The newly formed germ colonies were very active and developed rapidly. At first 
all the cells were alike but walls and gubernacula soon became apparent; all were 
32-celled with two gubernacula. To begin with they were completely destitute of 
chlorophyll which only began to appear later in their development. Probably the 
food reserve in the zygospore is sufficient to last not only through the stages of germina- 
tion, formation of the zoospores and their development into germ-colonies, but also 
into the early stages of the independent life of the latter; occasionally droplets of 
reddish oil can still be seen in cells of the young colony quite late in its development. 
Further, in its early stages, it is probably largely saprophilous. In the second genera- 
tion 64-celled colonies are formed. 


7. Results of cultures. The discovery that Astrephomene, and subsequently Volvulina, 
could readily be obtained in cultures of soil from selected spots made it possible to 
study these algae independently of time or place and for many years soil from De Klip 
has been used successfully for this purpose, not only at the Cape but in Grahamstown, 
and in California. Curiously enough, however, in 1936 repeated attempts to obtain 
Astrephomene at Queen Mary College in London failed completely although freshly 
collected soil from De Klip was used and other algae, seldom or never previously 
obtained in culture, such as Oedocladium, appeared and flourished in them. But 
although the algae grow freely in such cultures the population is usually so dense 
and varied that they are not suitable for detailed study of individual species. Hence 
many attempts to establish Astrephomene in unialgal culture were made; various media, 
both liquid and in agar plates, were tried including various concentrations of soil 
decoction, strained and filtered pond-water, Benecke’s solution and that recom- 
mended by Juller (1937). The latter had proved very successful with other algae, 
but all proved failures in this case; usually the colonies degenerated at once or if they 
survived at all it was only for a short time. Korshikov (l.c., p. 57) records similar 
failure in the case of Volvulina. 

In 1948 on the way to America a brief visit to Cambridge made it possible to see 
Professor Pringsheim’s algal cultures and to learn the technique used by him in his 
successful ‘soil-and-water’ method. Soon after reaching Berkeley this method was 
applied with success to species of Volvox; then Astrephomene appeared in a De Klip 
soil culture and a number of test-tubes were inoculated, with the most gratifying 
results. The cultures proved outstandingly successful, and beautiful growths of 
Astrephomene were obtained. Subsequently this alga as well as Volvulina appeared in 
cultures of soil from Nebraska and they too were got into culture both in test-tubes 
and small flasks. Finally, the following year both were again obtained in cultures of 
soil from two localities in California and were likewise isolated. Consequently both 
algae from the three American sources as well as Astrephomene from South Africa could 
be grown side by side under identical conditions and their characteristics and 
behaviour compared. Later Volvulina was obtained similarly in New Zealand and 
from soil collected near Lismore and tube cultures made in both cases. 

Two factors undoubtedly contributed to the success of the Berkeley cultures, viz. 
the high temperature (over 70° F.) and the soil used. The initial cultures were on the 
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whole more successful than those made later in a different laboratory where the 
temperature was more fluctuating and usually rather lower. ‘The soil was at first 
collected at random on the campus and consisted of approximately equal parts of 
surface soil from under a group of acacia trees, presumably rich in nitrogenous salts, 
and loam from a hydrangea-bed. ‘This mixture proved most suitable and was 
subsequently used whenever possible. Other soils, including some trom De Klip, were 
tried, but while fair cultures were obtained, they were in general less successful. The 
same applies to cultures made later in New Zealand and South Africa, but in these 
it was probably the first factor, the temperature, that was operative rather than the 
second, 

That temperature is important in determining the population of a soil culture 
was discovered very early in the investigation, not only from field observations but 
also in the laboratory. In September, 1935, numerous cultures of De Klip soil were 
made in the Botany Department of the University of Cape Town, the laboratory 
used being unheated and facing south. Good growths of Eudorina were obtained but 
Astrephomene failed to appear. ‘Two similar cultures were then started, one placed on 
the window-sill, the other on a warm bath kept at a temperature of 25° C. In both 
characteristic algal populations quickly developed; in the window-sill culture 
Eudorina was again abundant but Astrephomene did not appear, whereas on the warm 
bath Astrephomene developed and was soon more abundant than Eudorina. On trans- 
ferring the former culture to the warm bath, Astrephomene developed in it as well. 
Similar experiments always gave like results, indicating that the resting spores of 
Astrephomene require a higher temperature for germination than do those of Eudorina. 
Further, subsequent development of the former is better at higher temperatures. 

Direct sunlight is not essential for germination; the beneficial effect of a prelimi- 
nary exposure of dampened soil to direct sunlight is probably due not so much to the 
light as to the heat of the sun’s rays. 


The following description of a culture is given as illustrative of the rapidity of development under 
favourable conditions :— 

Soil collected from the dried edge of a large pond 4 miles south of Lemon Cove in California 
on May 18, 1949, was put in a Pyrex custard-bowl about 10 a.m. on June 21, tap-water added, the soil 
well stirred and the bow] placed in a window which got the morning sun. 

The following evening many Astrephomene colonies were found, all 32-celled with 2 gubernacula 
(probably first generation from the resting spores) as well as numerous Volvox germ-colonies, two species 
of Gonium, Hydrodictyon polyhedra and a number of species of unicellular algae. By 8 p.m. many of the 
Astrephomene colonies were reproducing and some of the embryos were already nearly mature. From this 
culture a number of single-colony inoculations were made which produced both 32- and 64-celled 
colonies with 2 and 4 gubernacula respectively. 


8. Behaviour of the algae. As a result of these cultures it was evident that whatever 
the source only two algae were in question, a single species of Volvulina and a single 
species of Astrephomene. Individual cultures varied but nothing suggested that the 
variation was due to specific differences in the respective algae. Slight differences in 
preparing the tubes, in their position or in some other external factor, were no doubt 
mainly responsible for the variation. 
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Test-tube cultures are ideal for studying the behaviour, especially movement, in 
conditions approximating as nearly as possible to the natural. An outstanding 
difference in the behaviour of Volvulina and Astrephomene was soon apparent; the 
former proved to be a bottom-dweller, the colonies tending to congregate on or just 
above the surface of the soil on the best-lighted side, seldom swimming up into the 
upper part of the water. Astrephomene on the other hand, while sometimes resting on 
the bottom for a time, was usually constantly moving up and down through the water. 
In very active cultures the colonies tended to collect in small clouds near the surface 
of the water or congregated round some foreign body, such as floating particles of 
plant debris. Such clouds might sink slowly only to rise again towards the surface, 
or might rest against the side of the tube, while within them there was continual 
movement of the individuals composing them. Since the soil used in the soil-and-water 
cultures was in general not rich in animal matter both algae were usually markedly 
green, but pyrenoids never appeared in Astrephomene and only very rarely in Volvulina. 


Discussion 


1. The genera VOLVULINA and ASTREPHOMENE. When Playfair described his new 
genus Volvulina he took as the type colonies which he considered identical with an alga 
figured by Stein (1878, Pl. XVI, figs. 8 and g), whence the specific name. In the 
diagnosis of the genus the number of the cells is not mentioned, but since Stein 
explicitly states that his figure represents a 16-celled Eudorina, that number must be 
understood as applying also to Playfair’s alga. Examination of Stein’s figures and the 
corresponding text makes it clear that the alga in question was in fact nothing but a 
16-celled Eudorina such as may frequently occur in any rich growth, and has nothing 
to do with Volvulina. 

Twenty years earlier Carter (1858), working on Indian algae, had found 16- 
celled colonies which he at first took to be a developmental stage of Eudorina; he soon 
discovered his mistake, however, and the following year in a paper on certain members 
of the Volvocaceae (1859) he corrected his earlier statement, but added that in one 
‘tank’ he had collected a form which was persistently 16-celled and moreover never 
showed any sign of spermatozoid formation such as occurred regularly in other 
growths of normal 32-celled Eudorina. Carter’s figures (l.c., Pl. 8, figs. 1, 2) show a 
small coenobium composed of four alternating whorls of 4 cells each which are also 
shown in optical section as ranged round a comparatively large central space. Stein 
(p. 138), commenting on Carter’s work, took these colonies to be Pandorina, although 
he had just stated that in the latter there was no such central space, or if one did occur 
it was very small. He held that Carter was mistaken in describing his alga as having 
a central hollow and expressed surprise that although Carter’s observations were most 
valuable he apparently did not distinguish between Pandorina morum and Eudorina. 
Carter’s figures strongly suggest that he may actually have had Volvulina, which could 
be expected to occur in India. As against this, none of the active band of Indian 
fresh-water algologists has as yet reported Volvulina. Nevertheless, it is an interesting 
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speculation and it is certainly possible that a closer search will show that the alga is 
not uncommon in India. 

The validity of Playfair’s genus has been questioned by several algologists. 
Pascher (l.c., p. 446) evidently felt that the various forms Playfair described did not 
all belong to the same alga. Korshikov (l.c., p. 63), who unfortunately did not have 
access to Playfair’s papers, had no doubt that his alga was identical with V. Stein 
but suggested that possibly Volvulina should not be separated from Pandorina though 
it might be convenient to keep the two as distinct genera. With the fact established 
that Playfair was actually dealing with two different algae it becomes possible to 
disentangle the two from his description. Fortunately in his diagnosis of Volvulina 
Playfair did not include the various varieties and forms he proceeded to describe and 
was non-committal on such points as cell number; consequently though incomplete 
it is a reasonably accurate description of the alga which all subsequent workers have 
not hesitated to identify as Volvulina Steinii. In many respects it is certainly similar to 
Pandorina and probably closely allied to it, but the differences in structure seem 
sufficient to justify the maintenance of a distinct genus. The construction of the 
coenobium in the two genera is somewhat similar, but the shape of the cells in 
Voliulina, their position with the outer surface closely adpressed to the common 
membrane and the constitution of the protoplast with the absence of pyrenoids, are 
all very diflerent from Pandorina where the wedge-shaped cells are compactly 
arranged in the centre of the coenobium, surrounded by a comparatively thick 
envelope and with a large conspicuous pyrenoid in the inner angle of each cell. With 
the removal of the many-celled ‘varieties’ and ‘forms’ which Playfair recorded, a 
clear-cut, well-defined genus remains, easily recognizable and quite distinct. Kisselev 
is certainly mistaken in including Volvox aureus var. hemisphaericus Playfair (1916) in 
Volvulina. 


A, B, STEINU > 


A, Lemon Cove culture, 8- and 16-celled colonies, some forming daughter colonies. 140. 
B, Utica culture, all 16-celled, one with daughter colonies nearly mature. 224. 
C-Q AstREPHOMENE GUBERNACULIFERA 

C_N from the Cape Flats, G-K living, unstained 
C, 32- and 64-celled colonies of various ages. ™ go. 
D, nearly mature 64-celled colony, tilted to show the four directive cells. 333. 
E, 32-celled colony with two diréctive cells, eyespots in anterior cells distinct. 452. 
F, mature cells showing nucleolus and part of nucleus. Stained iodine. x 667. 
G, mature cells from colony H showing wall; one in 4-celled stage. * 533. 
H, 32-celled colony, some cells undivided, others forming daughter colonies; one of the two gubernacula 

showing. 250. 


J, the same optical section, showing four undivided cells, one on the left with flattened outer surface 


and nucleolus visible, and three stages in division. * 533. 

K, the same, another focus, showing three cells about to divide, one after first division, another after 
third division and a third with daughter colony nearly complete. x 533. 

L., 32-celled colony with nearly mature embryos, rudder of two cells with long flagella extended. 452. 

M, posterior pole of colony with mature daughters, some already escaped, showing rudder cells. x 175. 

N, part of colony with widely separated cells, the cell walls only just in contact, showing stages in 
embryo formation. One cell undivided, one 16-celled embryo, others nearly mature. x 390. 

O-Q, Lemon Cove culture, showing stages in cell division, colonies slightly squashed under cover-slip. 
In O embryos mostly 4-celled showing nucleoli in two cells, eyespot in a third; below part of a 
4-celled embryo, third cleavage just beginning. In P, one undivided cell, one 8-celled and two 
16-celled embryos. In Q 32-celled embryos, gubernacula in PandQ. All « 667. 
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It is extremely fortunate that Playfair’s samples have survived, so that it has been 
possible to establish beyond doubt that he was actually dealing with two algae: 
furthermore the knowledge already obtained of the South African Astrephomene has 
made it possible not only to demonstrate its identity with the second alga in Play- 
fair’s material, but also to recognize its complete separation from Voloulina. A close 
comparison of Astrephomene with authentic Volvulina Steinit shows that any resemblance 
between the two is only superficial—both are small motile green colonial algae 
occurring under similar conditions and similarity in nutrition results in certain 
common features, but otherwise there is little resemblance. ‘They differ in the struc- 
ture of the coenobium and of individual cells, in the number and arrangement of the 
cells, in behaviour and their methods of reproduction as well as in the size of the 
mature colony. 


2. Relation between habitat and nutrition. Both algae are obviously denizens of 
warmer regions usually characterized by a ‘continental’ type of climate, though they 
may also occur in more temperate zones, At first sight there does not appear to be 
much similarity between the tropical Amazon plains and the neighbourhood of 
Leningrad, but summer temperatures in the latter may be high and Kisselev collected 
his material in July. On the Cape Flats, again, the pools fill in autumn or early 
winter but the seasons of early rain nearly always include occasional warm sunny 
days and on such days the temperature may be high; even if air temperature remains 
comparatively low, that of the soil and water of the shallow pools may rise consider- 
ably. The incidence of Astrephomene in the vleis is directly connected with the occur- 
rence of such warm days. 

Whenever the habitat is known, it has always proved to be a temporary pool 
rich in organic matter; obviously both algae are among those that are able to 
synthesize compound nitrogenous substances such as ammonium salts (cf. Smith, I.c. 
p. 16), in other words they are optional partial saprophytes. Whatever the source 
of the soil which yielded either alga, there was always a marked similarity in the type 
of algal population produced. Korshikov (p. 57) was struck by the similarity of the 
algae in the ‘puddle rich in organic matter’ in which he found Volvulina and the algae 
described by Playfair; in some cases even the species were identical. The similarity 
between the De Klip cultures and those made with soil from Nebraska and California 
was most striking, shown not only in the genera and sometimes species represented, 
but still more in the type of protoplast common to many of them. This is finely 
granular, without pyrenoids, often almost or entirely devoid of chlorophyll, and is 
obviously associated with saprophytism. Such protoplasts have been observed not 
only in Volvulina and Astrephomene but also in a species of Gonium, species of Carteria, 
Chlamydomonas and Chlorogonium, as well as several other unicellular organisms. In 
nearly every case in the early stages of the culture the very pale or colourless protoplast 
is conspicuous, but in later stages chlorophyll appears, becoming progressively more 
abundant as the organic substances are used up, and in some species pyrenoids appear. 
Gonium pectorale, Pandorina and Eudorina, which are also nearly always present, do not 
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show this characteristic protoplast, even though they evidently prefer water rich in 
organic matter. They are always fully green with well-developed pyrenoids. 

It is interesting that in both Astrephomene and Volvulina (according to Korshikov) 
pyrenoids appear in the zygote although they are normally absent from the vegetative 
cells of the colony.* 


3. Apparent rarity. When one considers how widespread Volvulina at least is, it 
may seem strange that there are so few records of its occurrence, and also that so 
striking an alga as Astrephomene should hitherto have been overlooked. That this rarity 
is more apparent than real seems certain, and reasons why they are so easily missed 
are not far to seek. Both algae are comparatively small and are evanescent, usually 
appearing early in the life of a pool, lasting for a few days and then entirely dis- 
appearing. Volvulina, moreover, being normally a bottom-dweller, is unlikely to be 
collected readily in the plankton (although Gessner obtained a ‘bloom?’ in his culture). 
Finally, at first sight they may easily be confused with Eudorina and Pandorina, with 
which they are often associated, although, once recognized, both are readily 
distinguishable. 

In the study of these and many other algae by far the best method of attack 
would seem to be by the use of soil-cultures. Of the fourteen records of Volvulina 
seven are from soil cultures, and the same applies to four out of the eight records of 
Astrephomene. Undoubtedly the study of such cultures holds vast possibilities for 
future work. 


4. Structure of the coenobium. \n spite of superficial resemblances, the structure of 
the coenobium is fundamentally different in the two algae. In Volvulina the coenobium 
is a gelatinous spheroid in the outer layer of which the cells, arranged in regularly 
alternating whorls, are embedded, so welded together that they cannot separate; 
their outer walls are completely fused to form a common envelope to the whole body 
and there is no direct connection between the small central space and the surrounding 
water. Astrephomene on the other hand really is a hollow spheroid. The superficial 
layer of cells, lightly joined to one another, encloses a large central space which is 
eventually in free communication with the surrounding water; so slight is the attach- 
ment that in certain cases the cells may separate completely from one another and the 
colony break up into its constituent cells. Further, each cell is completely surrounded 
by its own wall and there is no common envelope to the coenobium. In the mode of 
union between the cells Astrephomenc is unlike any other motile alga in which the plant 
body is a spheroid: the only alga which shows a comparable construction in this 
respect is Gonium, where, however, the coenobium is not a spheroid but a flattened 
plate. The shape of the protoplast also differs. In Volvulina it is lenticular, later 
becoming hemispherical, with the outer flatter surface closely adpressed to the wall of 


* Korshikov’s statements on this point are contradictory. He states (pp. 59 and 62) that after some days 
in a hanging drop ‘a very small pyrenoid’ appeared tn each cell, but later (p. 68) says that ‘in 
vegetative cells no pyrenoid was seen’. Probably he had in mind colonies as they appear in nature 
and for the moment forgot his previous statement. 
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the colony. In Astrephomene to begin with it is spherical; later the outer surface 
flattens slightly preparatory to division but is never adpressed to the outer wall of the 
cell nor even in contact with it. In Volvulina the number of cells is typically 16, never 
more, though there may sometimes be fewer, 8 or even 4; in Astrephomene there are 
most often 64 cells, less often 32 and occasionally 128 or 16, and there is differentiation 
between them, 4 or 2 or more rarely 3 cells at the posterior pole being somatic and 
only half the size of the rest. Finally, mature colonies of Astrephomene are two or three 
times the diameter of those of Volvulina. 


5. Reproduction. In Astrephomene sexual reproduction occurs regularly and full 
details of the process are known. In Volvulina, on the other hand, throughout this 
investigation sexual reproduction was never observed, unless the attraction between 
colonies described above indicated incipient sexuality. Whether this mode of repro- 
duction is indeed rare in Volvulina or whether the cultural conditions were not con- 
ducive to its occurrence is still to be determined. The only record, therefore, and that 
incomplete, of sexual reproduction in this genus remains Korshikov’s observation of 
planozygotes and zygospores, and nothing is known of the formation and nature of 
the gametes. But since twenty-four-hour observation has not been feasible, the 
possibility remains that gamete formation and copulation may take place only late 
at night or in the early hours of the morning. 

Even more significant is the difference in the mode of formation of the daughter 
or embryo colonies by all the cells in Volvulina, by all except the gubernacula in 
Astrephomene. In the former it conforms exactly with the process as found throughout 
the Volvocaceae, that is, successive planes of division converge resulting in a concave 
body and the final orientation of the cells in the colony is attained by inversion of the 
whole structure. In Astrephomene, on the contrary, successive planes of division 
diverge, the embryo throughout is convex, the cells from the beginning have their 
ultimate orientation and therefore no inversion is necessary. As a consequence of the 
difference in procedure the pattern characterizing the successive stages in Astrephomene, 
more particularly the 4-, 8- and 16-celled stages, is quite different from the well- 
known pattern at each corresponding stage in the Volvocaceae. Further, the fact 
that in this genus alone among the Volvocales somatic differentiation occurs at the 
posterior instead of the anterior pole is probably connected with this difference in 
mode of development. The directive organ which results is unique among algae. 


6. Taxonomic. Volvulina is clearly a comparatively simple member of the Volvo- 
caceae, occupying a position intermediate between Pandorina and Eudorina, ut nearer 
to the former. In Astrephomene, however, the difference in cell division during colony 
formation is so fundamental that this genus cannot be included in the Volvocaceac, 
nor can it be assigned to any other family of the Volvocales as at present constituted. 
As yet no other alga similar in this respect is known but it seems probable that closer 
study of reproduction among unicellular algae may lead to the discovery of forms 
from which the Astrephomene-type of colony formation has evolved just as has that 
of the Volvocaceae from Haematococcus. It becomes necessary, therefore, to create a 
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new family of the Volvocales, allied to but distinct from the Volvocaceae, for the 
reception of the monotypic genus Astrephomene. For this family the name AsTREPHO- 
MENACEAE is proposed. 
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THE ECOLOGY OF SOUTH AFRICAN ESTUARIES 
Part IV: Tue Sr. Lucia System 


By J. H. Day, N. A. H. Mitiarp anp G. J. Broekuuysen 
Department of Zoology, University of Cape ‘Town 
(With Plates ITI-1V and one text-figure) 


St. Lucia Estuary on the Zululand coast, which once had a rich fauna of prawns and fish, has 
recently deteriorated. An ecological survey has shown that this is due to silting at the mouth and very 
saline water in the upper lakes. ‘These conditions are traced back to droughts, erosion and man’s 
interference with the filtering action of swamps. The present fauna and flora are described and plans 
for improving the estuary are discussed. 
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INTRODUCTION 


The St. Lucia system consists of three large, shallow lakes connected to the sea 
by a long, winding channel. It is strongly saline throughout. St. Lucia was once an 
anglers’ paradise with an abundance of penaeid prawns, shoals of mullet and larger 
game fish, sharks, hippopotami and crocodiles. Enormous flocks of flamingoes, 
pelicans and other waders fed in the shallows. The whole area was declared a nature 
reserve under the Natal Parks, Game and Fish Preservation Board. 

Just before it empties into the sea the St. Lucia channel is joined by the large 
Umfolozi River which carries an enormous burden of silt. ‘This has filled up the old 
St. Lucia Bay and is now choking the St. Lucia channel, smothering the aquatic 
vegetation and bottom fauna and restricting the tidal flow which keeps the mouth 
scoured and open. In 1951 the mouth closed completely. 

In 1948 the Natal Parks Board invited Colonel Paterson, the South African 
Harbours engineer, to investigate the silting problem, and the Zoology Department 
of the University of Cape Town to make an ecological survey of the whole area. The 
two preliminary reports led to the formation of a technical committee to work out a 
solution of the problem. In August, 1951, the committee suggested that a separate 
mouth be cut for the Umfolozi to carry the silt straight out to sea, but it is realized 
that the diversion of the Umfolozi will reduce the scouring of the St. Lucia mouth so 
that it may close permanently unless it is kept open artificially. There is also a 
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salinity problem. During years of drought, the St. Lucia lakes become more saline 
than the sea. Unless the circulation through the lakes is maintained, the salinity may 
rise to such high values that the fish and bottom fauna may die. In any case all the 
important game fish and the prawns on which they feed are migrants from the sea. 
Unless the mouth is kept open the lakes will lose their main attraction. 

It is probable that St. Lucia will change within the next few years. This paper 
records the conditions which existed between July, 1948, and July, 1951, when the 
ecological survey was carried out. More than twelve biologists of the Department of 
Zoology at the University of Cape Town have helped in the work and to all of them 
we wish to express our thanks. We are also indebted to Captain Potter and the officers 
of the Natal Parks Board who have helped us in many ways. Last but not least we 
wish to thank the group of specialists listed in part 2 of this series who have identified 
our material. Without them this whole ecological survey would have been impossible. 

This survey has been financed from many sources. The Natal Parks Board has 
paid the running expenses; the Carnegie Foundation provided the capital equipment, 
and the South African Council of Scientific and Industrial Research has paid the 
salary of a research assistant. To all these bodies we wish to express our thanks. 
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THe TopoGRAPHY OF THE AREA 


The coast of Zululand on which the St. Lucia lakes are situated is a low-lying 
plain some ten to fifteen miles wide with steep, bush-clad sand-dunes along its seaward 
edge. The whole area was once covered with native bush, but now most of it has 
been cleared to plant sugar-cane or has been devastated by veld fires; only the 
reserve around the estuary retains its former beauty. 

The geological history of the lakes was sketched by Anderson, the government 
geologist, in 1904. He considers that during Cretaceous times the sea covered the 
whole Zululand plain and lapped at the slopes of the Lebombo mountains which are 
now well inland. The sedirhents then laid down contained the corals, molluscs and 
other marine animals which are now found as rich fossil deposits along the banks of 
Lake St. Lucia, particularly at Lister Point in False Bay and at the Neb on the 
northern side of Hell’s Gate. These Cretaceous deposits were covered by sands in 
later times and the whole plain was elevated above sea-level. Anderson suggests that 
the deposition of sand merely accentuated the contours and the lakes which had 
previously been formed as depressions in the sea-bed. However, there is another way 
in which the St. Lucia lakes may have been formed. A glance at the map (fig. 1) 
shows that these lakes. in common with most others on the Zululand plain, run parallel 
with the coast-line, whereas the upper reaches of the rivers which feed them cut 
directly through the Lebombo mountains on their way to the sea. It may be that this 
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striking change is due to the configuration of the underlying rocks, but it is also 
possible that the whole lake system was formed as a series of lagoons during the 
spasmodic upraising of the coastal plain. 

As shown by the map, the St. Lucia system includes the lakes and a long, winding 
channel leading to the sea at a place known as St. Lucia Bay. The lakes form a rough 
letter H of which the western limb is False Bay, the cross-bar is a strait known as 
Hell’s Gate and the elongated eastern limb is Lake St. Lucia proper. Altogether they 
cover about 120 square miles. In general the eastern bank is marshy and reed- 
covered while the western bank is steep and wooded, The average depth is four feet, 
and most of the bottom is soft mud though there are a number of sandbanks, particu- 
larly in Lake St. Lucia South. ‘The southern exit is very shallow and there is a native 
ford at Brodie’s Crossing. ‘This area between Catalina Island and the main channel 
has been referred to as the Shallows, and apart from a narrow, winding channel most 
of it is less than two feet deep. The main channel to the south is about 100 yards wide 
with a maximum depth of four to eight feet. The muddy banks are reed-covered with 
patches of mangroves here and there. 

Between the Pont and the sea the channel broadens and becomes very shallow 
and very muddy. The north bank is at first steep and wooded and it is here that St. 
Lucia village has been built. Nearer the sea there is a large, boggy reed-bed, and just 
before the sand-dunes are reached there is a long, blind inlet to be crossed which 
probably represents an old connection to the sea. (See Pl. IIIB.) The south bank is 
all flat. At the Pont it is covered with reeds and mangroves along the water’s edge, 
but further east the dense mangrove swamps actually encroach on the channel. 
Between these mangroves and the sea there are extensive mudflats which mark the 
confluence of the Umfolozi River and the St. Lucia channel. The older deposits are 
covered with rushes and reeds, but the more recent ones are naked expanses of slimy 
mud, The actual mouth is fifty yards wide and up to five feet deep. 


RAINFALL, RUN-OFF AND EVAPORATION 


Since one of the main factors which limits the density of life in the lakes is the 
high salinity, it was essential to make an estimate not only of the amount of rain falling 
directly onto the lakes, but also the amount of fresh water which flows into the lakes 
from the rivers. This run-off could not be measured directly, so an estimate was 
obtained from the rainfall in the drainage basin. Obviously only a fraction of the 
water which falls as rain will reach the rivers and lakes, particularly when the ground 
is parched, but it is suggested that seasonal and yearly changes in rainfall will reflect 
similar changes in river-flow. 

The St. Lucia drainage basin is approximately 3,700 square miles in area. Part 
of this is in the well-watered coastal plain and part in the drier upland country to the 
west. The recording stations are few and scattered and their records are often incom- 
plete. It is therefore doubtful whether the drawing of isohyets and subsequent calcula- 
tion of total precipitation in terms of acre feet would give figures which would be of 
sufficient accuracy to warrant the labour involved. After an examination of the rain- 
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fall normals of many stations within the drainage basin one of them was selected as 
representative of the area. This station is Ubombo at 27 34'S. | 32° 05’ E. and an 
altitude of 1,800 feet. Yearly totals for forty years give an average of 34-44 inches. 
In Table I the monthly rainfall from August, 1940, to July, 1951, is given. It is thus 
possible to compare the monthly and yearly rainfall from 1947 to 1951 with the 
normal values. 

It is not suggested that these figures give a picture of the climate in the drainage 
basin as a whole, merely an estimate of the run-off into the estuary. ‘Table I shows 
that the rainy season starts in October and ends in March. The normal yearly total 
is 34°44 inches, and compared with this there were severe droughts in 1940-1, 1943-4, 
1945-6, 1947-8 and 1950-1, a flood in 1942-3, and normal rains in 1948-9 and 
1949-50. It will also be seen that from the 1943-4 season onwards to 1948 the 
rainfall was below normal, so that it is not surprising that when we tested the salinity 
of the lake in July, 1948, it was found to be very high. 


Year Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Total 
1940-41 O31 O76 1°27) 677) 2°33) 3°67) 2°63 «0°38 2272651 
1941-42 O13 O64 1°74 6-g0 o88 4:62 083 0757 4°44 30°44 
1942-43 o81 3:16 4:56 2:87 2 2°93 6:93 2:20 OOO 3°45 39°26 
1943-44 1°64 1-20) 3°28 2°34 4:7: 066 207 24°77 
1944-45 250 256 323 349 4 218 OOo, 
1945-46 0-72 O20 3°45 O52 9 4! 160) 00°32) 
1946-47 212 2:06 416 4°67 245 o86 o16 O88 035 29°53 
1947-48 157 3°01 4°05 3:40 "5 5°45 rig GOO 21°78 
1948-49 1°99 2°33) 282 4:19 2:05 O65 O19 33°76 
1949-50 23906116) 3-62) 3°55 2°49) O50) 32°03 
1950-51 0-40 61°66 «02°04 10°17 4° 232 off O60 oat 25:89 
Normals 
for 40 years 
up to Dec. 

1950 067 3:16 4°34 5% 1°93 1:09 34°44 


Tasre I. Rainfall in inches recorded at Ubombo 27° 34’ S. / 32° 05’ E., height 1.800 ft. The monthly 
totals for the period August, 1940, to July, 1951, are given with the normals for 40 years from figures 
given by the Department of Transport, Weather Bureau, Pretoria. 


The rate of evaporation cannot be accurately measured. The Department of 


Irrigation has made tests with small tanks whose fall in level by evaporation can be 


accurately recorded over a year. ‘The results so obtained are modified by a factor 
which makes allowance for the lesser evaporation in a dam of average depth. No 
tank tests have yet been made at St. Lucia, but judging by tests made elsewhere in 
Natal, it is suggested that the evaporation in the St. Lucia lakes is about 45 inches per 
year. This figure may be too low, as the lakes are shallower than the average dam 
and thus warm up more rapidly. 

In this paper an estimate has been made using the formula given by Sverdrup 
et al (1942, p. 122) for the evaporation of the sea. ‘This empirical formula is based on 
the surface temperature of the water, its salinity, the humidity of the air and the wind 
velocity. This basic data is therefore included. Water temperatures and salinities 
are given in Table II]. Humidities and air temperatures were extracted from the 
published records of Cape St. Lucia, the nearest station. "The average air temperature 


for the years 1948, 1949 and 1950 is 71° F. (21-7° C.). The average R.H. at 06.00 
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hours is 85-7 per cent, and there is no significant difference from one season to another. 
The only available wind-velocity records on the lakes are for the years 1944 and 1945, 
and even these lack records for March, April and May. Estimates based on records 
from Mtubatuba were used to fill this gap. No consistent seasonal change in wind 
velocity was found and the average for the whole year is 11:24 m.p.h. From this data 
Sverdrup’s formula has been used to calculate the yearly evaporation as 52-7 inches 
or 134 cm. 

There is good agreement between the two independent estimates of evaporation, 
namely 45 inches and 52-7 inches, and it is suggested that the figure of 50 inches is a 
good basis for further calculation. It will be noted that as most of the meteorological 
factors are relatively constant from one year to the next, the rate of evaporation 
should be equally constant. The rainfall, however, does show marked changes and it 
is suggested that this is responsible for the seasonal and yearly changes in salinity of 
the lakes. 


PuysiIcAL CONDITIONS IN THE EsTUARY 
Water movements 


When the lakes were first visited in 1948 they were found to be strongly saline, 
but observations over a period of two weeks failed to show any rise and fall of water- 
level that was not obviously due to strong winds blowing up and down the lakes. It 
was therefore concluded that the saline water was not brought up to the lakes by tidal 
action. In fact there are no tides in the lakes. Apart from the doubtful possibility 
that the salt might be of terrestrial origin, which will be considered later (p. 137), there 
remained only the possibility that the salt water came from the sea by a slow gravity 
flow. This would only be possible if the lakes were at the same level or lower than the 
sea. Dr. Kokot of the Irrigation Department therefore kindly undertook to check the 
levels. The level at the Pont was found to be the same as mean sea-level and the level 
of the south end of the lakes was 1-27 feet lower. Unfortunately the two levels had 
to be taken from different datum points and this difference may not be significant. 
At any rate the lake-level is not higher than sea-level and a slow movement of sea- 
water up the channel is possible whenever the lake-level falls due to an excess of 
evaporation over precipitation, On the other hand it was reported that the level rose 
three feet during the floods of April, 1949, and a fair current was then flowing down 
the channel to the sea. 

During normal times the main water movement in the lakes is due to the wind, 
which rapidly raises quite large waves and stirs up the soft mud from the shallow 
bottom. This movement is also sufficient to prevent water layering and the salinity 
is the same at the surface and bottom except for a few days after rains. The bottom 
layers, therefore, do not lack oxygen and only when an oar is thrust deeply into the 
ooze in the deepest part of the lake is there any trace of H,S to indicate an oxygen 
lack. The wind blows fairly continuously either up or down the lakes and there may 
be a difference of 10 inches in the water-level with an onshore and an offshore wind. 

Tidal effects are obvious at the mouth of the estuary. During the spring tides 
of July, 1949, there was a range of 4 feet just inside the mouth. Two miles up the 
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channel at the Pont this range had been reduced to 14 inches and ten miles up at 
the Umpate River mouth it was less than 4 inches. At the Shallows there is no 
appreciable effect. 


Water temperatures 


Average surface temperatures are shown in Table II. The estuary is slightly 
cooler than the sea in winter and slightly warmer in summer. These differences are 
least obvious at the mouth where the sea-water brought in by the tides has a stabilizing 
influence, and most obvious in the shallow lakes which are rapidly warmed and 
cooled. At the mouth the average winter temperatures change from 21-7° C. at high 
tide to 18-8° C. at low tide; the corresponding summer temperatures are 25-6) C. 
and 23:9° C. In the lakes, average winter temperatures are 19-9 C. and summer 
temperatures are 27° C. The yearly average is 23-9° C. and the extreme range 


recorded is 17°5° to 32° C. 


Turbidity and the substratum 


These two factors are related and may be discussed together. Estimates of 
turbidity were made by observing the depth at which a 6-inch Secchi disc was just 
visible. Averages are given in Table II for high and low water but many other 
readings were taken with rising and falling tides. 


PuysicaL Factor AND Mouth Pont Channel Charter’s Fanie’s| North — False 
Periop oF Tipe High Low High Low Creek Island Lake — Bay 

Winter water temperature in © C. 

(June, July, August). . «18-8? 204? 20°0' 20-0! 
Summer water temperature in °C. 

(Dec., Jan., Feb.).  .  . 25:64 25-0!) 25-0? 28-8? 26°64 0-2? g* 
Winter turbidity in inches ( June, 

July, August). . 55° 10° 14° 10? 33° ai! 
Summer — in inches es (Dec. 

Jan., Feb.) 3! 5? 3) 14° 20! 18? 
Salinity I ) 

Winter 1948 . — 352 360 42:2 444 

Summer 1948-9 34600 — (45) 339 475 515 

Winter 1949 . 28-7. 305 303 280 28-2 26:7. -25°0 

Summer 1950-1... 370 368 267) 347373 35770 

Average 1948-51... 34°50 323) 322334 32H 
om . _ 82 79-83 84 8-3 8&5 


Tasie II. The seated conditions in St. Lucia estuary during the period July, 1948, to April, 1951. 
The numbers of records on which the averages of temperature and turbidity (Secchi disc) readings are 
based is shown as superior figures. 


At the mouth the bottom is clean, hard sand, and the turbidity varies with the 
tide. At high water relatively clean sea-water enters the estuary and Secchi disc 
readings of 81 inches have been recorded. But the sea-water itself is often discoloured 
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by previous outpourings of silt, particularly in the rainy season, and the average high- 
tide readings vary from 11 inches in summer to 55 inches in winter. At low tide silt 
pours out of the estuary and the Umfolozi, and the average readings are 3 inches in 
summer and 10 inches in winter. 

As one moves up the estuary towards the Pont, the bottom rapidly changes from 
clean sand through sandy mud to soft slurry mud in which one sinks up to the thighs. 
At the Pont the water is always muddy since clean sea-water never reaches this point. 
Secchi disc readings average 8 inches throughout the year and tidal changes are slight. 
None the less the tidal movements between the sea and the Pont are of great impor- 
tance. On the ebb, both the saline water of the channel and the almost fresh water 
of the Umfolozi (salinity 4°7°,, in July, 1948) flow out to sea. As the tide starts 
rising, it stops the slow outflow from the channel, but for some time the faster outflow 
from the Umfolozi continues as a surface layer. Eventually this, too, stops, and the 
muddy Umfolozi water is then trapped. As the tide rises still further sea-water enters 
along the bottom of the channel and the surface layer of muddy water is pushed up 
the St. Lucia channel. Eventually clean sea-water enters at all levels, but on the 
surface at any rate it never penetrates very far. At the slack water of high tide the 
Umfolozi silt is deposited as soft glutinous mud far up the channel. 

The evidence on which these statements are based includes the careful observa- 
tion of the changing colour of the water at the mouth, the direction of surface drift, 
the difference between surface and bottom salinities at the mouth, and the fact that 
when the tide is rising a disturbance of muddy surface water by an oar or a leaping 
fish will reveal clean water below. 

Above the Pont the quantity of Umfolozi mud decreases and the bottom is 
usually muddy sand. Secchi disc readings vary between 5 and 13 inches. 

In the lakes the bottom varies from soft mud to hard sand with rocky outcrops 
here and there. The area near the mouth of the Mkuzi River has a bottom as soft as 
porridge but the mouths of the Nyalazi and the Hluhluwe are firmer. ‘The water is 
much cleaner than that at the Pont but varies from day to day with the wind and from 
place to place with the depth and nature of the bottom. These variations are quite 
considerable. ‘Thus the average Secchi disc reading for the whole lake is 15 inches, 
but in the centre of Lake St. Lucia South where the depth is 7 feet, a reading of 40 
inches has been obtained ona calm day. On the other hand a reading of less than 
2 inches has been obtained with an onshore wind at Lister Point where the depth is 
3 feet and the bottom is soupy mud. 

In 1948 the eastern half of Lake St. Lucia South had a sandy bottom and clean 
water while the western side near the Charter’s Creek camping-site had a muddy 
bottom and dirty grey water. The floods of 1949 apparently redistributed the sand, 
for when Charter’s Creek was revisited in January, 1951, it was found that the bottom 
was sandy and the water clear. The ranger also reported that the prawns had deserted 
the area and it is suspected that this was because they could no longer hide on the 
bottom. At any rate they were then common at Brodie’s Crossing lower down and at 
Fanie’s Island higher up. At both places the bottom was muddy and the turbidity 


high. 
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Salinity 

Salinities were determined by titration, using Knudsen’s tables. There was some 
doubt regarding the origin of the salt water in the lakes and these tables are only 
applicable when the major ions are present in the same proportions as are found in 
sea-water. The lake-water was therefore analysed and is compared with sea-water 


in Table III below. 


Major ions Cl SO, Na k Ca Meg 
Lake-water 53°8 73 2g°2 1:20 1°29 3°60 
Sea-water 55°0 77 30°6 1-10 116 3°69 


Taste III. The proportions of major ions found in lake-water in 1948 com- 
pared with those given for sea-water by Sverdrup et al. (1942). 


It will be seen that the proportions are essentially the same. Since salt of terre- 
strial origin contains a different proportion of ions it is probable that the salt in the 
lake comes from the sea. However, it has already been shown that there are no tides 
in the lake and that the level of the lake is the same or slightly lower than mean sea- 
level. This would suggest that sea-water reaches the lakes by slow gravity flow rather 
than by tidal action. This flow would be most likely to occur in the dry season when 
the lake-level falls. 

The records of salinity in the St. Lucia system between July, 1948, and January, 
1951, are shown in Table II. The 1948 figures show that the salinities increase from 
sea-water values at the mouth to 52-6%, in False Bay, the uppermost lake. In fact a 
reversed salinity gradient existed at that time. In the summer of 1948-9 conditions 
were much the same. In the winter of 1949 the situation had changed entirely and 
a normal salinity gradient with salinities decreasing from sea-water values at the 
mouth to 25%, in the uppermost lakes was found. No records were obtained in the 
summer of 1949-50, but the normal gradient was still present in the following spring. 
By the summer of 1950-1, however, the salinities in the lakes had risen above the 
sea-water value and a reversed salinity gradient had been reformed. When all the 
records are considered, it is obvious that the upper lakes are subject to severe salinity 
changes, and when it is mentioned that the fauna and floraare limited toa feweury- 
haline forms, the importance of understanding the salinity changes will be evident. 


Twelve-month Rainfall on Lake _— Net loss Salinity in Date of 
period St. Lucia or gain False Bay sample 

Aug. 1947 to July 1948 24°71 —25°29 52°6 18/ 7/48 
Feb. 1948 to Jan. 1949 30°04 — 19:96 50°0 9! 2/49 
Aug. 1948 to July 1949 50°63 + 0-63 27°4 19/ 7/49 
Jan. 1949 to Dec. 1949 54°42 + 4:42 
Sep. 1949 to Aug.1950 36-09 —13°91 27°8 4/ 9/50 
Jan. 1950 to Dec. 1950 32°12 —17°88 34°8 24/12/50 
Apr. 1950 to Mar.1951 29°40 — 20°60 451 4/51 


Taste IV. Rainfall recorded at Lake St. Lucia for twelve-month periods preceding each salinity 
sample, net loss or gain over evaporation at 50 inches per annum, and salinities in False Bay in parts 
per thousand. 
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The factors which determine the salinity of estuarine water at any particular time 
are the initial salinity, the quantity and concentration of salt water flowing up from 
the sea, the quantity of fresh water either falling on the surface as rain or flowing 
down the rivers, and finally the evaporation. An attempt has been made to deter- 
mine the influence of these factors on St. Lucia. 

Reference to the yearly totals in Table I shows that from 1945 to 1948 the rainfall 
in the drainage basin was below the average value of 34-44 inches. Observations 
made in July, 1948, failed to reveal any obvious flow in the Nyalazi or Hluhluwe 
Rivers which empty into False Bay. Moreover, the salinity at the mouth of the 
Nyalazi was 49°7%, and at the Hluhluwe 50-2%,,, as compared with 52°6%, in the 
centre of False Bay. These figures certainly did not show any marked lowering of 
lake salinity by river inflow. Nor was the Mkuzi which flows into Lake St. Lucia 
North much more effective. This normally large river was reduced to a trickle about 
6 inches deep and the salinity 50 yards out in the lake was 32-7°%, as compared with 
49°7%o a mile away. This local dilution would certainly have no important effect 
on a lake 120 square miles in area. Rainfall figures in Table I show that there was a 
flood in April, and rangers reported that the lake-level rose three feet. Subsequent 
records made in July, 1949, showed that the salinity of False Bay had fallen to 25%po. 
The rainfall over the next twelve months was below average and Table V shows how 
the salinity in False Bay gradually increased to 45%, in April, 1951. Throughout the 
period it is obvious that changes in the rainfall in the drainage basin (the only guide 
to river-flow) are reflected by changes in salinity of the lakes. 


MoutTH Pont CHARTER’s FANIE’s FALSE 
DaTE Creek IsLanp Bay 
High Low High Low 

27/ 8/50 35°2 29°0 29°3 30°5 =e 26-0 oe 
4/ 9/50 29°2 28-7 — 260 27:8 
12/ 9/50 35°3 34°9 28-6 35°4 27°0 268 28-4 
18/ 9/50 34°5 27°5 2771 
26/ 9/50 35°3 33°6 34°9 27°7 ~ 
4/10/50 35°4 34°6 35°5 35°9 29°3 32°8 30"! 
24/11/50 35°5 37°9 37°0 36°8 37°4 
24/12/50 31°8 4°6 30°0 35°4 34°8 
20/ 1/51 24°8 350 38-9 
21/ 2/51 7°2 31°6 30°8 32°8 34°1 
23/ 3/51 34°9 13°0 21-8 241 43°5 
21/4/51 14°5 10°8 16°8 45°0 


Taste V. Salinities in parts per thousand (°/99) taken simultaneously at various points in the St. Lucia 
system during 1950-1. 


The rain falling on the lake surface during each twelve-month period preceding 
the date of the salinity sample is shown in Table IV. Evaporation has already been 
estimated at 50 inches per year and the difference between rainfall and evaporation 
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gives net loss or gain which is entered in Table IV against the observed salinity. In 
general it will be seen that periods of high net loss coincide with high salinities and 
low ones with low salinities. There is no detailed correlation as the salinity is also 
affected by river-flow, but the two factors together offer a reasonable explanation for 
the changing salinity of the lakes. 

But there are not only changes in salinity at any one point; there are also 
changes in the character of the salinity gradient along the estuary. Rainfall on the 
lake surface and river-flow are not sufficient to explain reversal of salinity gradients 
and it is necessary to consider upflow of sea-water along the channel. As shown by 
Tables II and V, the sea-water entering with the flood tide is diluted by Umfolozi 
water in St. Lucia Bay, but as it flows up the channel and southern lake it is subject 
to further evaporation so that the highest salinities are found in False Bay. Thus in 
July, 1948, the salinities between the Mouth and False Bay were 34-4, 35-2, 35°7, 36°0, 
42°2, 44°4, and 52-6°,,. This is a reversed salinity gradient. During the flood of 
1949 this highly saline water was washed out and thereafter while the rivers were still 
flowing strongly there was a current down the lakes to the sea, ‘This was the condition 
in July, 1949, when the salinities between the Mouth and False Bay were 28-7, 30°5, 
30°3, 28-0, 28-2, —, 26-7, and 25:0%,. This is a normal salinity gradient. It may be 
noted in passing that the low value of 28-7°,, at the mouth was due to dilution by 
Umfolozi water. It would appear that if rain and river-flow do not equal losses by 
evaporation, the flow down the channel stops and salinities rise. If these conditions 
persist the lake-level falls below mean sea-level and sea-water flows up the channel 
and a reversed salinity gradient is formed; when precipitation and river-flow exceed 
evaporation the lake-level rises and water flows down the channel. Under these 
conditions the reversed salinity gradient is broken down and a normal gradient is 
formed. Salinity records for Charter’s Creek, Fanie’s Island and False Bay given in 
Table V show this sequence of changes month by month from June, 1950, to April, 
1951, but once again the records from the Mouth and the Pont show a fluctuation of 
salinity as partially mixed Umfolozi water drifts up and down with the tides. By 
April, 1951, the salinity of False Bay had risen to 45°0°%,. At this time there was so 
little water flowing in the St. Lucia and the Umfolozi that the mouth of the estuary 
closed. It was opened artificially but soon closed again. Between August 19 and 22, 
1951, there were unusually heavy rains all over Zululand and as a result the Umfo- 
lozi rose rapidly. The water, unable to escape at the sea mouth, flowed up the St. 
Lucia channel into the lake. Its arrival on August 23 was reported by a ranger as a 
muddy stream carrying masses of floating debris. 


Tue BioLoGy or THE EsTuARY 


The detailed distribution of all the plants and animals which have been identified 
is summarized in an appendix at the end of this paper. Only a few of the more 
important forms can be discussed here, and of these only the attached plants and 
benthonic animals will reflect the conditions of life at any point. Active swimmers like 
fishes, Penaeid prawns and swimming crabs can escape unfavourable conditions, while 
the plankton drifts to and fro at the mercy of the currents. 
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The bottom fauna and flora 


The physical conditions of the estuary have been described and form a back- 
ground against which the detailed distribution of sedentary forms can be seen in 
proper perspective. But the picture is not a simple one, for the physical environment 
does not change harmoniously up and down the estuary. At one point one factor 
limits the abundance of life and at another point a different one. At the mouth the 
biota is limited by strong currents and shifting sands; between the Umfolozi mouth 
and the Pont high turbidity prevents the growth of submerged plants and rapid 
deposition of mud smothers the animals. Conditions improve up the channel and 
the south end of the lakes has reasonably clear water and a salinity near that of the 
sea. This is the richest part of the estuary. North of Fanie’s Island the salinity is 
often very high. Submerged plants are poorly developed and the fauna is limited in 
consequence. 


The Mouth Area.—The stretch which lies between the sea, the blind inlet and the 
confluence of the Umfolozi seems to form a homogeneous area in which the tidal 
currents are rapid and the bottom is shifting sand. Attached plants are absent and 
the bottom fauna is very limited. The holes of the sand crab Ocypode ceratophthalmus 
are common along the high-tide mark as they are all along the sea-shore, but lower 
down another crab, Dotilla fenestrata, which prefers sheltered sandbanks, is fairly 
common. No polychaets were found in these shifting sandbanks but in the blind 
inlet where the currents are slow and the bottom muddy sand, Dendronereis arborifera 
appeared with the crab Tylodiplax blephariskios. No bivalves were found at all. 

To the west of the blind inlet the north bank is an elevated mud-flat overgrown 
with reeds (Phragmites communis) in which live thousands of large grapsid crabs 
(Sesarma meinerti). The main channel runs close to the bank, which is eroding rapidly 
and harbours the smaller crab Sesarma eulimene and the burrowing isopod Sphaeroma 
annandalei. The reeds grow well above the water-level and the only vegetation between 
the tide-marks is a thin film of green alga on more sheltered shores. An occasional 
tectibranch Barnardaclesia cirrifera was found feeding here. 

The Umfolozi mud is deposited on the south bank. When the area was first 
visited in 1948 the whole area between the sea mouth and the mangroves was bare 
mud, but by 1950 all the older banks were densely overgrown with rushes and extensive 
new mudbanks had been deposited. It is very difficult to investigate these as one 
immediately sinks into the ooze, but the firmer parts seem to be barren probably 
because the mud is deposited at such a rate that any bottom-living animal is smothered. 

Thus the fauna of the north bank is limited by erosion while that of the south is 
smothered by mud. But where a firm substratum is provided in mid-channel the 
fauna is rich. Stranded tree-trunks are thickly covered with barnacles (Balanus 
amphitrite var. denticulata) and rocky outcrops are encrusted with oysters (Gryphaea 
cucullata). ‘These oysters grow one on top of the other like an irregular pile of saucers, 
between which live a host of smaller animals. The crab Metopograpsus messor scuttles 
about, barnacles are attached everywhere, small mussels (Modiola sp.) are common, 
and blennies (Omobranchus striatus) hide in the dead oyster shells. 
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The mangrove swamps.—Three species of mangroves, namely Rhizophora mucronata, 
Avicennia officinalis and Bruguieria gymnorhiza, grow along the south bank. The dense 
belt just west of the Umfolozi mouth was inaccessible and the following description 
applies to the mangroves at the Pont. Rhizophora was usually found at a higher level 
than the other two, but it is difficult to determine what tidal level the mangroves 
really occupy since the tidal range in this stretch of the channel is less than 2 feet, 
whereas the tidal range on the open seashore is about 6 feet. In St. Lucia estuary the 
mangroves start at the lowest level of the tide and extend up to the winter high-tide 
mark. In Durban Bay on the other hand the same species extend from high water 
of neaps to high water of springs. This confirms the general impression that the 
narrowness of the estuary mouth restricts the tidal range to what would correspond 
with the upper levels of an open sea-shore. 

The substratum in the mangrove swamps is soft black mud with shallow pools 
here and there. The strut-like roots of Rhizophora and the aerial roots of Avicenna 
project above the surface and most of the area is shaded by dense foliage. These 
conditions of soft mud, shallow pools and a firm substratum raised above the mud 
encourage a characteristic fauna which we may call a mangrove fauna without 
disputing the contention of Fischer (1940) and Day (1951) that the constituent species 
are not limited to mangrove swamps. 

The dominant animals are crabs, including Sesarma meinerti, S. eulimene, Uca 

urville: and UL’. annulipes, but there are also two polychaet worms (Lycastis indica and 

Dendronereides zululandica), a single hydroid (probably a new species), an amphipod 

(Eniopisa chilkensis), one barnacle (Balanus amphitrite var. denticulata), two molluscs 

(Cerithidea decollata and Assiminea sp.) and two fishes (Periophthalmus cantonensis and 

Gobius durbanensis). Some live in the mud, some in the shallow pools and some cling 
to the mangrove roots and stems. 

The vertical zonation is quite well marked both on the mud surface and on the 
mangroves. The higher ground is hard, baked mud submerged only by floods. This 
is riddled with the holes of the large crab Sesarma meinerti. ‘The smaller crab Sesarma 
eulimene is present here but also extends down into a middle zone which is submerged 
at every high tide and thus always damp. The gastropod Cerithidea decollata is also 
common in this zone. Lower still the mangroves thin out and there are only a few 
young trees of Avicennia, so that wide stretches of mud are exposed to the sun at low 
tide. This level is dominated by the soldier crabs Uca urvillei and U/. annulipes, while 
Gobius durbanensis and an occasional shrimp (Palaemon pacificus) are found in the 
shallow pools. On the mangrove roots and stems Cerithidea extends to the highest levels 
while Balanus amphitrite var. denticulata occupies the lower ones. Hydroids are found 
on the aerial roots of Avicennia which grow up through standing water. The mud 
skipper Periophthalmus cantonensis may be found perching on any mangrove root but is 
extremely difficult to catch. 

The fauna of these dense mangroves has some surprising gaps. One is Littorina 
scabra, a gastropod found on mangroves elsewhere in this estuary and others along 
the Natal coast. Another absentee is the oyster Gryphaea cucullata, which is common 
on mangroves in Durban Bay. 
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Although dense mangroves are only found on the south bank below the Pont, 
scattered trees and small clumps occur all the way up the channel to the south end of 
the lakes. Rhizophora extends highest and a few young trees grow just below Brodie’s 
Crossing. In the same way reference to the appendix will show that most of the 
‘mangrove fauna’ also extends up the channel. 


The Shallows and Islands.—There are many small islands and a maze of shallow 
channels and bays at the south end of Lake St. Lucia. The water is seldom more than 
2 feet deep, and fairly clear. The salinity is less than that of the sea and the bottom 
grades from soft mud in the backwaters to firm sand in open bays. Large beds of 
Aostera capensis grow at Brodie’s Crossing and extensive fields of Ruppia maritima cover 
the firm sandy bottom lower down. Apart from these the only submerged plant is 
Enteromorpha sp. attached to the stems of reeds growing in the shallows. The islands 
are covered with coarse grass, with patches of Salicornia sp. in the drier parts and dense 
stands of Phragmites communis along the muddy edge. The few young Rhizophora trees 
have already been mentioned. 

‘The fauna of this area is the richest in the whole estuary. Prawns and small fish 
make up the bulk of the catch but these active swimmers will be described later. 
Nettings also bring up masses of shrimps (Palaemon pacificus), swimming crabs (Scylla 
serrata and Lupa pelagica), crown crabs (Hymenosoma orbiculare), snapper shrimps 
(Alpheus crassimanus), gobies (Gobius giuris), and, clinging to the Zostera, the isopod 
Synidotea variegata and the tectibranch Haminoea natalensis. 

On the other hand shore-collecting is very poor. One might suspect that this 
was due to the absence of a tidal rise and fall if dredging gave better results, but these 
are equally poor. There are very few barnacles on the stones and mangrove roots and 
only a single Cerithidea decollata was found. Piles of drying Zostera harbour the amphi- 
pod Talorchestia ancheidos, and the tiny pulmonate Assiminea may be found crawling on 
damp mud or in dredgings with the gastropod Nassarius krausstanus. Burrowing animals 
are equally limited. There is a common isopod (Sphaeroma annandalet) which burrows 
in the eroding mudbanks and a few holes of Scylla serrata, but Sesarma meinerti and 
S. eulimene do not reach this region. Digging in the mud reveals one or two polychaets 
(Lycastis indica) or in more sandy places a few Solen capensis. 


Lake St. Lucia South—The only important difference between the shallows and 
the southern lake is that the latter is very broad and considerably deeper so that wave 
action is much more severe. As a result Zostera and Ruppia, which prefer sheltered 
shallows, are restricted to coves and backwaters. The associated weed fauna is 
similarly restricted. Zostera is found along the south side of Fanie’s Island, between 
the crocodile-haunted islands in the middle of the lake, and in 1948 at Charter’s 
Creek itself. In 1951 clean sand had covered this latter cove and the Zostera had gone. 
The general impression is that the bottom fauna is poorer than in the Shallows but 
records in the appendix show that all the species are present; indeed, extensive 
dredging revealed a few more polychaets and bivalves. 


Lake St. Lucia North.—North of Fanie’s Island the salinity is much more variable 
and often reaches values well above that of sea-water. This is the only obvious 
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difference between the northern and southern parts of Lake St. Lucia and the marked 
difference in the density of life and number of component species is therefore ascribed 
to this factor. In the northern lake the only submerged plant of any size is Entero- 
morpha, a notoriously euryhaline form; both Jostera and Ruppia are completely absent 
and living reeds have never been found in the water. Most of the benthonic animals 
have gone with the plants and the few remaining ones are known to be euryhaline. 
These include the Serpulid polychaet Mercierella enigmatica, the bivalve Modiola 
capensis, the isopod Cirolana fluviatilis, the crabs Hymenosoma orbiculare and Rhynchoplax 
bovis. ‘These have all been found in very low salinities in other estuaries, but as yet 
the isopods Cirolana luciae and Sphaeroma annandalei are known only trom St. Lucia. 
These, too, may prove to have a wide salinity tolerance. ‘The only surprising find 
was a small bank of Solen capensis; this was not known to be a euryhaline species. 
None of these animals occur in quantity, and after a day’s digging, netting and 
dredging one has the impression that the north lake is extremely barren. 


False Bay.—What has been said about Lake St. Lucia North applies even more 
strongly to False Bay. Apart from the high and variable salinity the physical condi- 
tions seem suitable for the development of a rich fauna and flora. But with the excep- 
tion of Enteromorpha, large aquatic plants are absent, and the fauna is limited to a few 
scattered euryhaline forms, the majority of which are identical with those of Lake 
St. Lucia North. The only interesting find was two species of water-beetle, Caelostoma 
rufitarse and Berosus cuspidatus. Insects are usually absent from water with a salinity 
higher than 5%, but these two were living in 52°6°%,. 

The animals and plants described from Lake St. Lucia North and False Bay were 
those found in 1948 when the salinity was high. Old bivalve shells on the shore and 
rotting reed-stumps in the water indicate that at one time the fauna and flora was 
richer. It is probable that if good rains reduced the salinity for a few years the fauna 
would recover rapidly. Three months after the floods of April, 1949, masses of 
Enteromorpha were found on the shores of False Bay, and in 1951 when the salinity 
had increased again the rocks at the Neb were covered with recently dead barnacles. 
These two observations indicate how quickly the plant and animal populations react 
to changing conditions. 


The plankton 

Relatively little is known about the plankton. In the muddy waters between the 
Pont and the sea a plankton-net is immediately choked with mud and in the cleaner 
waters of the lakes even a night sample is rather poor. In spite of this we have caught 
large numbers of Rhizostomid jellyfish all over the estuary and mysids are really 
plentiful. Other forms in the lakes include Sagitta sp., crab zoeae, gastropod larvae, 
Ctenophora and copepods. According to Mr. R. Charter the latter are normal oceanic 
species and since the lake is swept out by periodic floods the plankton must be con- 
tinually replaced by the sea-current which flows up the channel. 

The mysids are particularly interesting. As shown in the appendix there are 
three species. Two are restricted to the area around the mouth, but the third, 
Mesopodopsis africana, is found throughout St. Lucia and most other South African 
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estuaries. It congregates in the muddy shallows of the lakes in enormous numbers and 
when an onshore wind is blowing it is possible to obtain a cupful with a few sweeps of 
a hand-net. These mysids are detritus feeders and an important source of food for 
small fishes. 


Shrimps and Prawns 

These animals spend most of their time on the soft bottom or sheltering in the 
weed-beds but are capable of moving considerable distances and may thus be classed 
either with the benthon or the nekton. In St. Lucia the common shrimps are 
Palaemon pacificus and Macrobrachium equidens. The former extends from the mouth to 
the weed-beds of the southern lake. ‘The discovery of large numbers of berried females 
in the lake during the winter makes it obvious that they breed there, and the examina- 
tion of fish stomachs shows that they are important as fish food. A few Macrobrachium 
were found in the Shallows where the salinity is lower than elsewhere. According to 
Barnard (1950) these shrimps extend from brack water into fresh, and they may there- 
fore occur in the rivers entering the St. Lucia system, but the number of crocodiles 
in the rivers severely restricted observations. ; 

As shown in the appendix, five species of penaeid prawn occur in the estuary. 
There are large shoals of Penaeus indicus, which is the main species caught for bait, fair 
numbers of Metapenaeus monoceros, a smaller prawn, and Penaeus monodon, the tiger 
prawn, but P. japonicus and P. semisulcatus only occur in small numbers. Since the 
presence of these prawns is the main reason why predacious fish enter the estuary, a 
knowledge of their life-cycle is of great importance. In the Gulf of Mexico and in 
Australian waters penaeid prawns are known to be migratory. In the autumn they 
leave the estuaries and make their way to the sea where they breed and then possibly 
die, for they do not return to the estuaries. The eggs are laid singly and the larvae 
develop in the plankton, but during the early spring the young prawns enter the 
estuaries and remain there throughout the summer. 

This migration has not been proved for South African penaeids, but there is a 
good deal of evidence that they have a similar life-cycle to penaeids elsewhere. Since 
they lay their eggs singly, no berried females can be expected, but if they bred in 
estuaries one would expect females with large roes to be found at some season. 
Although prawns were dissected at all seasons, none have ever been found with 
mature roes. Again, young prawns appear in the. lower channel of St. Lucia in the 
spring with the advent of the rains. Rangers and residents at the mouth state that at 
this season masses of small ‘shrimps’ are stranded at the estuary mouth, and it is 
believed that these are juvenile prawns attempting to enter the estuary. The prawns 
rapidly spread up to the lakes and are plentiful throughout the summer, but most of 
them disappear in the autumn. A few prawns remain in the estuary throughout the 
winter; it is possible that these are immature but they are not noticeably smaller 
than the summer catch. 

No serious attempt has ever been made to catch prawns in the sea off the Natal 
coast, though Indian netters occasionally get a few with seine nets, and some have 
been accidentally caught while dredging. A fair haul of very large prawns was made 
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on the Tugela shoal by the Fisheries Survey Vessel Africana /. This catch was made 
long before their breeding habits were in question and they were not examined to 
determine whether they had ripe roes. However, it is beyond doubt that prawns do 
occur in the sea, and from the above evidence it is probable that South African 
penaeids have a similar life-cycle to those in Australian and American waters. 

The distribution of prawns in the St. Lucia system varies from time to time with 
local conditions. In the summer shoals may be found in any part of the estuary, 
though they are less common in False Bay and Lake St. Lucia North than elsewhere. 
Fair numbers are found in the blind inlet near the mouth and on different occasions 
they have been reported as extremely plentiful in the Umpate, the Nyalazi, the 
Hluhluwe, Selley’s Lakes and even high up the Mkuzi. Each species has its own 
preferred habitat. Thus Penaeus indicus seeks shelter in muddy bottoms and is seldom 
found in clean water over a sandy bottom. They were common in the soft silt at 
Charter’s Creek until this was covered by sands deposited by floods. Penaeus monodon 
shelters in Zostera beds and is common at the Shallows and at Fanie’s Island. Penaeus 
japonicus has the habit of digging into tidal sandbanks, and when the tide falls it may 
be found embedded in the flats near the mouth. 


The Fish Fauna 


Over seventy species of fish are listed in the appendix and there were probably 
many more which were missed by our limited equipment. Sharks at least eight feet 
long were seen at the mouth and in the lakes, but the largest fish caught by members 
of the expedition weighed 8 lb. Most of our records are small fish taken by seine but 
a few large fish taken by rod and line were also included. There are many more 
records from the mouth and the Shallows than from other parts of the estuary. 
Although it is hard to be certain because we have not done the same amount of netting 
in other parts of the estuary, we believe the Shallows and the mouth to be the richest 
grounds. 

We have accumulated a great deal of information concerning the food and 
breeding habits of the species of fish which occur in St. Lucia but we must defer this 
to a later paper. Here there is only space to give brief notes on a few of the better- 
known species. 

Johnius hololepidota, known as the kob, the kabeljaauw or ‘salmon’ on various 
parts of the South African coast, is the largest teleost in St. Lucia. Large numbers 
follow the prawns into the estuary in early summer and mostly depart with them in 
the autumn. Specimens over 50 lb. have been taken here but the usual size is about 
10 lb. No specimen smaller than 6 inches has been collected in St. Lucia and reports 
of smaller ones proved to be ‘norndies’ ( Johnius belengert). Again, no kob with large 
roes has been seen or reported from the estuary, and it seems certain that this species 
like most estuarine fish breeds in the sea and is fairly well grown before it enters the 
estuary to feed on prawn and mullet. 

Pomadasys operculare, the ‘grunter’, is another very important angling fish, 
averaging 3 to 4 lb. A few small specimens are present throughout the year, but shoals 
of adults enter the estuary in spring, following the prawns, and remain there through- 
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out the summer. From observations in Durban Bay it is possible that spawning occurs 
in the autumn; no breeding individuals were found in St. Lucia estuary. Juveniles 
from 3 inches upwards have been taken and it is probable that St. Lucia and other 
estuaries serve as nurseries which the grunters leave when they become mature; 
thereafter they return only to feed. Grunters are essentially bottom-feeders, and 
apart from prawns and shrimps their stomachs contained Solen capensis, various 
amphipods and polychaet worms and the crab Hymenosoma orbiculare. 

Rhabdosargus sarba. Juvenile ‘yellow-fin bream’ are common as far up as Fanie’s 
Island, but full-grown adults are only plentiful at the mouth. No specimens with ripe 
roes have been found in the estuary and they probably breed in the sea or at the very 
mouth of the estuary. In Australia according to Munro (1945) they spawn just outside 
the entrance of the estuaries on the incoming tide. Certainly the very young stages 
are common in St. Lucia. &. sarba feeds on shrimps, amphipods, the siphons of Solen 
capensis, and at times the stomachs are packed with Zostera. 

Rhabdosargus tricuspidens, the ‘silver bream’, has very similar habits to R. sarba, but 
is smaller and less common. While &. sarba is a tropical Indo-Pacific species reaching 
Australia, R. tricuspidens is an endemic species commoner in the cooler waters between 
Durban and Mossel Bay. 

Tilapia mossambica, the ‘mud bream’, is essentially an estuarine and fresh-water 
fish and can be transferred trom sea-water into fresh without apparent discomfort. 
It is a mouth-breeder and females with young were found in the lakes. It feeds on 
detritus which it grubs up from the muddy bottom. It is not common at the mouth of 
the estuary but juveniles occur in shoals at Brodie’s Crossing and at the mouths of 
all the rivers in reduced salinities. 

Therapon jarbua, the ‘sea tiger fish’, is a small predacious fish which occurs in 
great numbers at the mouth of the estuary. It eats a wide range of animal foods, 
including smaller fishes, prawns, gastropods and insects. 

Mugil spp. Three species of mullet were found all over the estuary but Mugil 
(Liza) macrolepis is the most common. Maullets feed on detritus, attached diatoms and 
filamentous algae. It is very difficult to determine whether any or all of them breed 
in the estuary. Certainly the young ones are very common even up in the lakes, but 
estuaries act as nursery grounds for many species of fish which breed in the sea, so this 
is not conclusive proof. Relatively few Mugil (Strializa) canaliculatus were caught, and 
none of them contained ripe roes either in summer or winter. Enormous shoals of 
Mugil cephalus (and possibly other species) enter the mouth of the estuary in May, June 
and July. These fish are all adults and specimens of 5 lb. and over fly through the air 
in all directions when disturbed by a motor-boat. Specimens we have dissected all 
contained ripe roes, and these fish may be spawning at the mouth of the estuary, for 
they move up and down with the tide and do not penetrate far up the channel. 
Smaller specimens of Mugil cephalus are fairly common all over the estuary. 

Mugil (Liza) macrolepis is even more interesting. Mr. Harty, who helped us in 
the field-work and is now a ranger at St. Lucia, has reported that after the mouth of 
the St. Lucia closed in April, 1951, specimens of M. macrolepis came down the channel 
and by July many of the females were ‘ripe-running’ but the eggs were in a somewhat 
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decomposed state with the contents breaking out of the walls. ‘This may indicate that 
these fish were on their way to the sea to spawn, but the mouth being blocked, their 
eggs degenerated. This is known to happen to trout if they are unable to reach suitable 
spawning-grounds. A similar observation was also made in a blind estuary at 
Lambert’s Bay on the West Coast. Here large numbers of Mugil (Liza) ramada were 
caught in the estuary when the mouth closed. After three years all the fish were large, 
fat adults and there was not a single juvenile to indicate that any breeding had taken 
place. The balance of evidence therefore suggests that mullets do not breed in St. 
Lucia or other estuaries but may do so at or immediately outside the mouth as young 
stages are found all over the estuaries. 

Thrissocles malabaricus, the ‘glass-nose anchovy’, is fairly common right up to the 
northern lakes. These fish are among the few planktonic feeders and their stomachs 
contain copepods, mysids and zoaea larvae. 

Gobius giuris is the common estuarine goby of Natal waters. Enormous numbers 
of these small fish occur all over St. Lucia and appear to be an important item in the 
diet of larger fishes. They breed in the estuary in summer and they themselves feed 
on tanaids (Leptochelia sp.), amphipods and chironomid larvae. 


Notes on Aquatic Birds 


Aquatic birds are important in the economy of all shallow waters, and there are 
enormous numbers in St. Lucia. Time did not permit us to make a complete study 
of distribution, seasonal movements, food and breeding habits, but notes were made 
whenever occasion permitted. Although they are still fragmentary these notes are 
included here since the whole character of St. Lucia may change. 

Most of the information has been summarized in the appendix. In all, sixty 
species are recorded up and down the estuary and their seasonal occurrence in winter 
and summer is indicated by the letters w ands; thus Cs means common in summer. 
Herons, waders, ducks, geese, gulls, terns, cormorants, pelicans and flamingoes are 
particularly common at the Shallows and in Lake St. Lucia South. 

Of the seven species of heron, Ardea cinerea was the most common and the most 
widely distributed. Ardea goliath seems to avoid the mouth and tidal parts of the lower 
channel but was seen on the banks of the Umfolozi and was particularly common 
around Fanie’s Island. Bubulcus ibis, on the other hand, was reported from the mouth, 
the Pont and the Channel areas in February, 1949. The pelican (Pelicanus onocrotalus) 
occurs in large flocks all over the estuary in both summer and winter. It breeds on 
Lane Island during the winter. Flamingoes (Phoenicopterus ruber) also occur in large 
flocks in the Shallows, but are seldom seen in the lower tidal channels. 

Although seven species were recorded, ducks do not occur in large numbers. 
Nor are there many cormorants. Waders on the other hand are common during the 
summer as the majority are palaearctic migrants. Then there is one common gull, 
Larus cirrocephalus. It breeds on the islands in the northern lakes, and in July, 1949, 
there were 58 nests, of which 26°%, contained one egg, 36% two eggs and 38% three 
eggs. Although common on the lakes this species did not favour the lower channel. 
Hydroprogne caspia was by far the commonest tern and was seen all over the estuary. 
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Nests were found on Lane Island in July, 1948 and 1949. In 1948 there were 100 
young and 10 nests with eggs. In 1949 there were 331 nests of which 22% contained 
one egg, 62%, two eggs (or one egg and one young), and 16%, three eggs (or two eggs 
and a recently hatched young). Unfortunately we were unable to reach Bird Island 
at this time but were informed that Pelecanus onocrotalus, Larus cirrocephalus and Platea 
alba were breeding there. 

The most interesting records are those of Rhynchops flavirostris at the Mouth, 
Dissoura episcopus at the Shallows, Lake St. Lucia North and False Bay, and /bis ibis 
from the mouth, Shallows, Charter’s Creek and Fanie’s Island. The centre of distribu- 
tion of these species is a good deal further north. 


Discussion 


The St. Lucia system is not a normal estuary, but it is a particularly interesting 
one for two reasons. It shows how man’s interference has led to serious silting, and it 
shows how variations in rainfall affect a salinity gradient. Both factors, silting and 
salinity, affect the life of the estuary, and this discussion therefore concentrates on 
these points. 

The St. Lucia channel and the Umfolozi River once joined to form a lagoon 
known as St. Lucia Bay. Anderson (1904) reports that on December 18, 1884, 
H.M.S. Goshawk entered St. Lucia Bay to claim Zululand for Britain. Residents report 
that ocean swell entered the mouth of the lagoon and broke on a shore where man- 
groves now flourish. They state further that the papyrus swamps in the lower reaches 
of the Umfolozi filtered the river-water and that St. Lucia Bay was clear and deep. 
Since that time a Native reserve has been established in the Umfolozi drainage basin 
and poor farming has led to extensive erosion. At the same time the filtering swamps 
have been canalized by Warner’s Drain and reclaimed to plant sugar-cane. The 
combined result is that enormous masses of silt are carried right down into St. Lucia 
Bay. Much of this is carried out to sea and the Division of Fisheries reports that there 
is an extensive submarine mudbank offshore. But the rest has filled up St. Lucia Bay, 
and all that is left is a narrow channel winding through mangrove swamps and 
mudflats to the sea. Nor is this all, for when the tide rises the muddy water is pushed 
up the St. Lucia channel to deposit its burden of silt as far up as the Pont. This silting 
has also reduced the size of the mouth. Probably this is an indirect effect, for the 
mouth is hard sand, not mud. But the depth and size of the mouth depend on the 
scouring action of the water which enters and leaves with each tide, and now that 
the volume of St. Lucia Bay has been reduced by silting there is only a reduced tidal 
current to keep the mouth open. Paterson states that in 1938 the mouth was 500 
feet wide at low water; in 1948 it was 150 feet wide and in June, 1951, it was 
completely blocked. This blocking is reported to have occurred before and to have 
burst open with the next flood. But now that St. Lucia Bay has completely silted up 
it is doubtful whether the mouth will remain open in the dry winter months. 

The biological effect of silting is very evident. Normally the richest parts of an 
estuary are the banks of muddy sand in the lower reaches near the mouth, and the 
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original St. Lucia Bay is reported to have had rich ostera beds harbouring an 
abundance of prawns and fish. Now the rapidly growing mudbanks are practically 
sterile, for bottom-living plants and animals are smothered. The only survivors are 
active forms like crabs, which live at the top of the shore, or barnacles, which attach 
themselves to mangroves above the mud-level. Only in mid-channel where the swilt 
currents prevent the deposition of mud are the oyster-beds still densely populated. 

The silt in suspension cuts down the penetration of light and there are no 
macroscopic plants below the tide-marks. At higher levels only a thin film of Entero- 
morpha remains. When the general poverty of animal life here is compared with the 
richness of the weed-beds at Brodie’s Crossing the importance of suspended silt in 
cutting down basic plant-food is immediately evident. In fact the only plants which 
do benefit by silting are the mangroves. ‘They are flourishing and growing out into 
the channel. Their tangled roots which reduce the scouring currents and consolidate 
the mud will make the reclamation of St. Lucia even more difficult. 

The factors which affect the salinity gradient have been considered and a clear 
correlation has been established between rainfall, evaporation and upflow of salt water 
from the sea. Along most of the estuary the salinity does not vary beyond the limits 
which marine forms will tolerate, but in the upper lakes beyond Fanie’s Island the 
salinity variations are very great (25°), to 52°6°,, in False Bay), and there is little 
doubt that in this part of the estuary salinity is the limiting factor. The scanty 
benthonic fauna includes only a few euryhaline species and aquatic vegetation is 
conspicuous by its absence. This dearth of basic plant-food means that even those 
species which can tolerate high salinities are present in reduced numbers. In passing 
it may be noted that the species which tolerate the high salinities are also the ones 
known to occur elsewhere in very low salinities. This supports the contention of 
Day (1951) that an efficient osmoregulatory mechanism is of use on both sides of the 
sea-water range. 

Lake St. Lucia south of Fanie’s Island is never subject to high salinities. Since 
the northern and southern parts of the lake are connected by a deep channel one might 
expect a gradual change in salinity along the lake, but observations show that the 
change at Fanie’s Island is very sharp. It is evident that Hedgpeth (1947) is correct 
in stating that salinity exchange does not readily occur through narrow channels. 
The biological effect is that the northern part of the lake has a poor fauna and the 
southern part a rich one. 

Finally the biological importance of maintaining an open sea-mouth is 
established. The plankton of the lakes includes many open-sea forms which are 
brought in by the current up the channel. Shrimps and a few of the smaller fishes 
such as mud-bream (Tilapia mossambica) and gobies (Gobius giuris) breed in the lakes, 
but the important forms like penaeid prawns and game fish such as kob, grunter, 
bream and probably mullet must reach the sea in order to spawn. If the mouth 
closed permanently these fishes, prawns and the fish-eating birds would disappear. 
In all probability the St. Lucia system would not remain permanently closed but 
would burst open with the summer floods. However it should be remembered that 
migration into the estuaries occurs in the spring, so that it is important that the mouth 
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should be open at that time. The technical committee of which one of us (J. H. D.) 
was a member has recommended that a separate mouth be cut for the Umfolozi to 
divert its silt from the St. Lucia. This is the only hope of reclaiming St. Lucia Bay. 
It would allow aquatic plants and bottom animals to re-establish themselves and 
prevent further deterioration of the St. Lucia channel. But it is not without its 
difficulties. The question has been raised as to whether the dilution of upflowing 
sea-water by the Umfolozi is not essential to keep the salinity of the lakes below 
dangerous limits. It is impossible to be dogmatic on this point, but there is some 
evidence which suggests that the diluting effect is not very important. In the first 
place much of the Umfolozi water flows into the sea. This not only occurs during the 
whole of the ebb-tide but during the early part of the flood as well. Only when the 
sea-level has risen above the Umfolozi level are its waters trapped and forced up the 
St. Lucia channel. Towards high tide again the sea enters the mouth of the Umfolozi 
and cuts it off completely. Thus only part of the Umfolozi water enters the St. Lucia 
channel and some of this mixed with channel water will flow out to sea on the ebb-tide. 
Again the salinities in the channel above the Pont do not indicate any important 
dilution of sea-water. During the winter of 1948 the salinity was 35-2°%, , which is 
practically the same as sea-water. During the summer of 1948-9 a value of 4°5°,, 
was recorded, but this was from the mouth of the Umpate River immediately after 
rain. On November 22, 1950, the salinity was 36-0°%,, and on December g, 1950, it 
was 33°7%po. These values do not suggest an important dilution. 

A more important result of diverting the Umfolozi directly into the sea would be 
that the scouring at the mouth would be drastically reduced and the St. Lucia mouth 
might close. The suggestion is that it be kept open artificially and that the channel 
be gradually deepened and enlarged by stirring up the soft mud from the bottom by 
a jet of water from a force-pump during ebb tide when it would flow into the sea. 
A further suggestion is to deepen the channel through the Shallows and thus promote 
tidal flow between the lakes and the sea. This deeper channel would also facilitate the 
movement of prawns and fish and the passage of boats up and down the estuary. 
A much more ambitious suggestion is to divert part of the water of the Pongola River 
into the Mkuzi and thus through the lakes and channel. This would be a large 
undertaking but it would solve both the salinity problem in the lakes and increase 
the scouring at the mouth. , 

The present position of St. Lucia is serious. Something must be done if this 
large and beautiful estuary is to be saved. Changes in the physical conditions and 
therefore of the fauna and flora are inevitable. This paper records the position before 
the mouth closed. It will be interesting to see what further changes will now occur. 
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APPENDIX 


Comparative list of the fauna of St. Lucia Estuary. P = present, F = fairly common, FW = 
fresh water, LC = locally common, C = common, A = abundant. This list is not complete; only 
those forms have been included to which generic names can be given. A few are still unidentified. 
In the case of birds summer (s) and winter (w) records are shown. Some of the more important 
submerged and marginal plants are also included, but algae have been omitted. The latter include 
Enteromorpha and other filamentous species usually growing as epiphytes on Zostera or mangrove roots, 
but they were so heavily coated with silt and diatoms that identification was not possible. 


PLANTS: 
Arthrocnemum africanum Moss. 
Arthrocnemum sp. . . . . 
Avicennia officinalis (Linn.) . . C 
Bruguieria gymnorhiza (Lam.). LC 
Chenolea diffesa Thun. P P 4 
Juncus kraussi Hochst... . . . LC 
Phragmites communis Trin... . . LC C Cc LC A A A A 
Rhizophora mucronata (Lam.). A Cc LC 
Ruppia maritima 1.. LC LC 
Rostera capensis Setchell LC LC LC 
CoELENTERATA AND C1ENGPHORA 
Pleurobrachia sp... P 
Rhizostomid jellyfish . Cc 
Potyzoa: 
Membranipora lacroixii? Aud... . P 
PoLYCHAETA: 
Boccardia polybranchia Hasw. . . 
Dendronereides zululandica Day . . P 
Dendronereis arborifera Peters . P F 


Glycera convoluta Kef. . 
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Mercierella enigmatica Fauvel P 
CHAETOGNATHA: P 
I 
Coprropa: 
Centropages chierchiae Giesb. 
Clymenestra scutellata P I 
Oithona similis Claus... 
Paracalanus aculeatus Giesb. P 
Pleuromamma abdominalis Lubbock . Cc 
Pleuromamma gracilis Claus... Cc 
CirRIPEDIA: 
Balanus amphitrite v. denticulata Broch. C P 
Chthamalus dentatus Krauss... P 
AMPHIPODA: 
Eriopisa chilkensis (Chilton) . 
Grandidierella bonniert Stebb. P P P 
Melita zeylanica Stebb. P 
Parorchestia rectipalma Barn, . P 
Talorchestia ancheidos Barn... C Cc C 
‘TANAIDACEA: 
Leptochelia sp. P 
IsopoDa: Ins 
Cirolana fluviatilis Stebb. P 
Ciolana luciae Barn. P 4 
Cyathura carinata (Kroyer). 4 P P j 
Dies monodi . P ( 
Nerocila serra Sch. & Mein... . P ( 
Synidotea variegata Collinge . P P 
MysibAceA: 
Gastrosaccus gordonaeO. Tat... . C Mo 
Gastrosaccus brevifissurus O. Vat... 
Mesopodopsis afrwanaO. Vat... Cc A P P G 
Drcarpopa: MAcRuRA: 
Macrobrachium equidens (Dana). . P 7 
Macrobrachium sp. (juveniles)... P T 
Macropetasma africanum (Balss) . 
Metapenaeus monoceros (kabr.) F LC C Cc P Mo: 
Palaemon pacificus (Stimps) . LA A A Cc A 
is 
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Point Area 
South Lake 
Fanie's Island 


Mouth Area 
Channel 
Shallows 


Penaeus indicus M. Edw. 
Penaeus japonicus Bate . 

Penaeus monodon Yabr.. 
Penaeus semisulcatus (de Man) aoe P 


ele) 


Decarovpa: ANOMURA: 


Decapopa: 
Cyclograpsus punctatus M. Edw... P 
Dehaanius 4-dentatus (Krauss) P 
Dehaanius scutellatus McLeay. 
Dotilla fenestrata Hilg.. . LC 
Hymenosoma orbiculare Desm. . P 
Lupa pelagica (Linn.). P P P 
Matuta lunaris (Forskal) . 
Metopograpsus messor (Forskal)  . P P 
Ocypode ceratophthalmus (Pallas) . 
Potamonautes sidneyi Rathbun. . 
Ptychognathus onyx Alcock. P 
Rhynchoplax bovis Barn. P 
Sarmatium sp. . P P 
Sesarma catenata Ortm. . . P P 
Sesarma eulimenede Man. 4 ( 
Sesarma meinertide Man... .. C Cc A C 
Scylla serrata (Forskal) P P 
Tylodiplax blephariskios (Stebb). LC 
Uca annulipes (M. Edw.) . P 3 
Uca urvillei (M. Edw.) P 
Varuna litterata (Fabr.) 


INSECTA: 

Aethionectes oberthuri Rég.. . 
Ag yrobothrus sp. 
Berosus cuspidatus Erich. 
Coelostoma rufitarse Boh. 
Comthydrus sp. PW 
Hydrocanthus 2ferruginicoltes Rég. . RW 
Hyphydrus grossus Shp. . FW 
lateralis var. polygrammus 

Rég.. PW 


Mo.iusca: PELEcyPODA: 
Brachidontes variabilis (Krauss) 
Gryphaea cucullata (Born. 
Modiola capensis 


Tellina triangularis. P 
Tellina sp. P 


GasTRopopa: 


North Lake 


False Bay 


Pp 
P 
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Nvalazi R. 


Hluhluwe 
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Barnardaclesva cirrifera . 
Cerithidea decollata (Linn. 
FHlaminoea natalensis Krauss 
Littorina scabra Linn. 
Nassarius krausstanus (Dunker) 
Stphonaria oculus Krauss. 


Mo.iusca: CEPHALOPODA: 


Sepioteuthis lessoniana Lesson. 


Pisces: 


Acanthopagrus berda (Vorskal) 
Ambassis commersoni Cuv. & Val. 
Ambassis gymnocephalus (Lac.) 
Ambassis safgha (¥orskal) . 
Anchoviella commersoni (Lac.) . 
Arothron bispidus (Lac.) 
Arothron immaculatus ( Bloch) . 
Atherina breviceps (Cuv.) . 
Bothus myriaster (Tum. & Schl. oe 
Bothus pantherinus (Ruppel) 
Caranx hippos (Linn.) . 
Caranx sexfasciatus (2: & G. ). 
Chorenimus tol C. & V ; 
Eleotris fusca (Bloch) . 
Elops saurus Linn... 
Engraulis japonicus (Houttuyn) 
Gaterin schotaf (Forskal) 
Gerres acinaces Cuv. 
Gerres oyena (Forskal) . 
Gerres punctatus (Cuv.) 
Gilchristella aestuarius (Gilch. & "Thom. } 
Gobius acutipennis (Cuv.) . 
Gobius capistratus Peters 
Gobius durbanensis Barn. 
Gobius giuris Hamilton 
Gobius nudiceps Cuv. & Val. ; 
Hyporhamphus improvisus ( Smith) . 
lyseleotris sp ‘ 
Johnius belengerii ( Cuv. 
Johnius hololepidotus (Lac.) 
Johnius ?sina (Cuv.) . 
Leiognathus equula ( Forskal) ce 
Lutianus argentimaculatus (Forskal) 
Lutianus fulviflamma (Forskal) 
Megalops cyprinoides (Brouss.) . 
Monodactylus argenteus (Linn.) 
Monodactylus falciformis Lac. . 
Mugil cephalus Linn. 
Mugil robustus Gnthr.. 
Mugil strong ylocephalus Richardson 
Mugil (Liza) macrolepis Smith 


Mouth Area 


Pp 
P 


Point Area 


P 
P 


Channel 


P 


P 
C 


Shallows 


P 


South Lake 


Fanie’s Island 


Pp 
P 


North Lake 


False Bay 


R. and 


Nvalazi R. 


Hluhluwe 
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Mugil (Strializa) canaliculatus Smith . 
Omobranchus striatus (Jatzow & Lenz) 
Pelates quadrilineatus (Bloch) . 
Periophthalmus cantonensis Osbeck . 
Pisodonophis boro (Ham.—Buchan.) 
Platycephalus indicus (Linn.) 
Pomadasys multimaculatum Playfair 
Pomadasys operculare (Playfair) 
Pseudorhombus arsius (Hamilton) . 
Rhabdosargus sarba (¥orskal) . 
Rhabdosargus tricuspidens (Smith) . 
Secutor ruconius (Buchan.-Hamilt.) 
Siganus rivulatus (Forskal) 

Sillago sthama (Forskal) 

Solea bleekeri Boulenger 
Stephanolepis auratus (Castlenau) . 
Syngnathus cyanospilus Bleeker . 
Syngnathus spicifer Ruppell 
Taenioides esquivel Smith . 
Therapon jarbua (Forskal) . 
Thrissocles malabaricus (Bloch) 
Thrissocles setirostris (Brouss.) . 
Tilapia mossambica (Peters) 
Trachinotus blochit (Lac.) . 
Tylosurus leiurus (Bleeker) 


Mouth Area 


Channel 


Shallows 


South Lake 


— 


Fanie’s Island 


Z 
P 
Pr 
C 
P 
P 


Brrps OccurRING IN THE NEAR VICINITY OF THE WATER 


Note.—winter = w, summer = s, thus Cw.Ps means common in winter present in summer. 


Actitis hypoleucos (Common Sandpiper) 

Afribyx senegallus (Wattled Plover)* . 
Alopochen aegyptiacus ( Goose) 

Anas capensis (Cape Wigeon) 

Anas punctata (Hottentot Teal). 
Anas undulata (Yellow-billed mn 

Anhinga rufa (Snakebird) 

Ardea cinerea (Grey Heron) 

Ardea goliath (Goliath Heron). . 
Ardea melanocephala (Black-headed Heron) 

Asio helvola (Marsh Owl) . 

Bubulcus ibis (Cattle Egret) . 

Burhinus vermiculatus (Water Dikkop) . 


Mouth Area 


Area 


Point and Channel 


a 27 3 Shallows 


Fanie’s Island Area 


South Lake and 
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Cascara cana (Mtrican Sheld Duck 


Casmerodius albus (Great White Heron 


Charadrius hiaticula 


Ringed Plover 


Charadrius margimatus (White-tronted Sandplover r 


Charadrius pecuarius | 


Charadrius tricollarus (Vreble-banded Plover) 


Kitthtz Plover 


Ceryle rudis (Pied Kingfisher) 


Crreus ACTUZINOSUS TANLEOTUS 


Cuncuma cvocifer (Sea Eagle 
Dendrocyena fulva (White-faced Duc k) 
Dissoura episcopus (Woolly-necked Stork) . 
Egretta varzetta (Little Egret 
Evolia minuta (Little Stint). 
Evolia testacea (Curlew Sandpiper) 


Glareola pratincola (Kast African Pratine ole)* 
Hagedashia hagedash ( 


Hadadah) 


Himantopus himantopus (Stilt.) 
Hydroprogre caspia (Caspian Tern) 

This ibis (Wood Ibis)... 

Ipidina (Natal Kingfisher) 

Larus dominicanus (Black-backed Gull) 


Larus cirrocephalus | 


Leptoptilos crumeniferus (Marabou) . 
Megaceryle maxima (Giant Kingfisher) 


Mesophoyx intermedius (Yellow-billed Egret) 
Motacella aguimp vidua 


Motacella capensis (Cape Wagtail) . 
Numenius arquata (Curlew). 
Pandion haliaétus (Osprey) . 
Pelecanus onocrotalus (Rosy Pe lican) 


Phalacrocorax africanus | Reed Cormorant) 
Phalacrocorax carbo (White-breasted Cormorant) 


Philomachus pugnax (Ruff) 


Phoenicopterus ruber (Flamingo) 


Platalea alba (Spoonbill) 


Plectropterus gambensis (Spurwinged Goose) 


Poliocephalus ruficollis (Dabchick) . 5 
Pyrrherodia purpurea (Purple Heron) 


Recurvirostra avosetta (Avocet) 
Rynchops flavirostris (African Shinune r) 
Scopus umbretta (Hamerkop ) 

Squatarola asin (Grey Plover) 
Sterna bergti (Swift Tern) ‘ 


Threskiornis aethiopicus (Sacred Ibis) 
Tringa glareola (Wood Sandpiper) 
Tringa nebularia (Greenshank) 
Tringa stagnatilis (Marsh Sandpiper) . 


* ‘These species 


Grey-headed Gull) 


S.A, Marsh Harrie r) 


African Pied W —_ ) 
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(A) Aerial view of the lower Channel looking south-east over the Umilolozi delta. 


(B) Aerial view of mouth looking north-east trom the Umfolozi delta towards the blind inlet. 
Photos by David Corke 
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(A) Aerial view of lower Channel looking west towards the mangroves (on left of picture, the 
extensive tidal mud-flats and the oyster beds in the centre of the channel. 


Photo by David Corke. 


(B) Close up of part of the muddy oyster beds showing Gnphaea cucullata growing one on top of the 
other. 


Photo by C. J. Broekhuysen 
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THE ECOLOGY OF SOUTH AFRICAN ESTUARIES 


Part V: Ricwarp’s Bay 


By N. A. H. MiLiarp anp A. D. Harrison 
Department of Zoology, University of Cape Town 
(With Plates V-VI and two text-figures) 


(Read November 21, 1951) 


The topography of Richard’s Bay Estuary is described, and an account given of the physical and 
chemical factors. The estuary is tidal in the channel area, and saline water is present in the Umhlatuzi 
Lake. There is a normal salinity gradient ranging from 0°3°/99 in the rivers to 35°8°/9) in the mouth. 
On the basis of these factors the estuary is divided into four regions, namely the Rivers, the Umhlatuzi 
Lake, the Channel and the Mouth, and the fauna and vegetation of each are described. A total of 183 
species was found and is listed in the appendix. It is concluded that Richard’s Bay is an example of a 
normal sub-tropical estuary which has been little influenced by man. The faunistic divisions are 
discussed and are compared with those of Knysna Estuary on the south coast, and those postulated by 
Day (1951) for an ideal estuary. 
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INTRODUCTION 


The Richard’s Bay Estuary opens to the sea on the Zululand coast at approxi- 
mately 28° 48’ 30” S. / 32° 05’ E. and 36 miles south of the St. Lucia Estuary, which 
has been described in a previous paper (Day, Millard and Broekhuysen, 1954). Its 
total area is much smaller than the St. Lucia system, being only 12 square miles in 
extent, but the drainage area is large. The estuary receives several large rivers, 
namely the Umsingasi, Amanzinyama, Umboqolu, Umhlatuzi and Qupu, and the 
catchment area extends from Empangeni to Eshowe and the hills further inland, a 
total of approximately 1,644 square miles. 

The Richard’s Bay estuary, though undoubtedly shallower to-day than in 
previous years, has not suffered so extensively from silting as most of the other estuaries 
on the east coast of South Africa, and is still one of the richest fishing-resorts in Natal. 
Although the rivers may be low and almost stagnant during times of drought, they 
never dry completely and usually flow strongly, maintaining an open mouth through- 
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out the year with strong tidal currents. Rich beds of the sea-grass, Zostera, provide 
food for a teeming population of shrimps, prawns and small fish, which in turn 
encourage the entry of the larger angling fish in search of food. 

This paper is a straightforward account of the estuary, its physical and chemical 
characters and its associated fauna; it provides an example of a typical Natal estuary, 
uncomplicated by abnormal conditions such as high salinities, extensive silting or a 
closing mouth. 

The estuary has been visited four times by parties of biologists from the University 
of Cape ‘Town, twice in summer (January, 1949, and January, 1951) and twice in 
winter (July, 1948, and July, 1949). In addition we have received water samples and 
specimens of prawns from other times of the year collected for us by the rangers and 
by Mr. F. Ashby of Richard’s Bay, who also gave us specimens of the rarer species 
of fish. 
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A GENERAL DEscRIPTION OF THE AREA 


The configuration of the estuary is shown on the maps in figs. 1 and 2. The 
depths represent records taken in January, 1949, after a prolonged drought, and are 
thus very low values. Rains in April of the same year, for instance, raised the whole 
level of the estuary by about 18 inches. 

The estuary includes two main parts, the broad Umhlatuzi Lake into which 
open most of the rivers, and a narrower channel winding to the sea. 

The Umhlatuzi Lake is roughly triangular in shape and almost four miles in 
width at its broadest section. It is always very shallow, the centre part varying from 
1 to 4 feet in depth according to the season, with a deeper channel round the margin. 
The bottom and banks consist of deep, soft mud, with occasional patches of sand. 
The banks are mostly low-lying and marshy, and overgrown with swamp vegetation 
or mangroves. In parts the edge is marked bya low vertical mud-bank or ‘salting cliff” 
topped by rushes. The south-east bank is somewhat steeper than the rest, being 
hacked by a line of bush-covered sand-dunes over too feet in height which separates 
the lake from the sea-coast. This is part of the dune system which runs along the 
whole Zululand coast. The south-east bank is fringed by dense mangrove forests on 
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a substratum of thick mud, interrupted here and there, as at ‘Grassy Point’ and 
‘Spinach Point’, by steep sand-spits. 

The most important rivers entering the lake are the Qupu and Umhlatuzi from 
the west, while the Umsingasi drains the fresh-water Umsingasi Lake in the north 
and enters the upper region of the channel. 

The ‘Channel’ leads from the north-east corner of the lake and pursues a 
winding course to the sea. There are three permanent islands, namely Bird Island, 
Treasure Island and Pelican Island, of which the two first are completely, and the 
last partially, overgrown by mangroves. Most of the substratum and banks of the 
upper channel are of mud, interrupted by sandy points and bays, but as one approaches 
the mouth the mud gradually changes to muddy sand and finally to sand. In the lower 
part of the channel, in fact, there are extensive stretches of sand or sandy mud forming 
temporary shifting islands exposed at low tide. 

The banks throughout the channel area are grass- or bush-covered in the sandy 
areas, or flanked by mangrove forests or marsh vegetation in the muddy parts. 

‘The depth in the channel is mostly in the neighbourhood of 3 to 6 feet, but a 
deeper canal up to 16 feet skirts the southern bank and swings round the north-east 
corner of Pelican Island to reach the mouth. 

Both the position and width of the mouth vary from year to year, and the 
configuration of the sand-banks in the neighbourhood varies accordingly. It is usually 
less than 100 yards in width and blocked by a sand-bar over which the depth is 
probably about 3 feet at low tide, although the surf and strong currents prevent 
accurate measurement. Although closed to navigation at present, the mouth was 
apparently much deeper in previous years, for local residents report that ships were 
once able to cross the bar and enter the channel. 

The quantity of water in the rivers feeding the estuary is variable. Although the 
rivers never dry completely they may almost cease to flow in the drier seasons, while 
in times of flood they carry considerable volumes of water causing a rise of several feet 
in the level of the Umhlatuzi Lake. 

Unfortunately no run-off figures are available for the whole river-system, 
although the Department of Irrigation of the Union of South Africa gives a mean 
annual run-off of approximately half a million acre-feet (or nearly 22 million cubic 
feet) for the Umhlatuzi River alone. 

Rainfall records from the Weather Bureau, Pretoria, show that the heaviest rain 
falls in summer from November to March or April, and that the driest months are in 
winter from May to September. However, rain does fall throughout the year and 
there is often no sharp distinction between the seasons. The annual rainfall varies 
from approximately 25 to 60 inches at different stations in the catchment area (rainfall 
normals, 1945). 


THe PuysicAL AND CHEMICAL FAcToRS 
(a) Tidal movements and currents 


The shallow and constricted mouth hinders the free exchange of water between 
the sea and the estuary. Thus although the tidal range in the sea on the Zululand 
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coast is normally about 6 feet, that in the estuary is much less. In January, 1949, 
during a spring tide, the range at the mouth was 1g inches, at Pelican Island 3$ to 
4 inches, and at Spinach Point in the upper channel 34 inches. Although the tide 
must thus enter the Umbhlatuzi Lake it rapidly disperses in the greater width and 
no change in level was noticed within the lake. 

These values change to a certain extent with the seasons, depending on the 
rainfall and the depth of the channel, for in July of the same year, after heavy rains 
in April had apparently scoured out the channel, the tidal range at Pelican Island 
had increased to 10 inches. 

As in other estuaries the time of high and low water is delayed to an increasing 
extent up the length of the estuary. As shown in Table I, low water of spring tide is 
2} hours later at Spinach Point than in the open sea. High tide, however, is delayed 
to a smaller extent. 


Low water High water 
The Mouth thr. 30 min, 30 min. 
Pelican Island _. 2 hr. 1 hr. 10 min. 
Spinach Point — . 2 hr. 30 min. 1 hr. 55 min. 


‘Yasir IL. The delay in the incidence of the tides at three stations 
in the estuary. Records taken at spring tides on January 2g. 1949. 

Although the retardation of the tide is a feature of all estuaries (cf. Day, 1951), 
the eflect in Richard’s Bay is perhaps exaggerated by the small size of the mouth. 
During the ebb the water in the estuary continues to escape through the mouth long 
after low tide in the sea, until that time in fact when the rising tide is able to block 
and reverse the flow through the mouth. Low water in the estuary thus corresponds 
to about half-tide in the sea. Towards high tide the sea floods over the surrounding 
sand-flats and enters with a rush, so that the mouth is effectively wider at this time 
and the delay in high water not so pronounced. 

As might be expected from such conditions the currents in the mouth are very 
strong, particularly during an ebb when the water from the rivers reinforces the 
escaping tide. Farther up the channel the currents slacken and in the Lake itself 
there is little water movement other than that due to the wind. 


(b) The turbidity of the water 

The turbidity was measured by immersing a Secchi disc of 6 inches diameter in 
the water until it disappeared from sight. The depths at which the disc disappeared 
are given in Table II. From these figures it is evident that the most turbid area is 
the Umhlatuzi Lake, where the wind and the waves continually stir up the shallow, 
muddy bottom. In the channel the water is cleaner and in the mouth, where there 
is a larger proportion of sea-water, still more so. 

Throughout the estuary the water is always more muddy in summer than in 
winter, due to the heavier rainfall at this season which brings down the silt from the 
rivers and deposits it in the Umhlatuzi Lake and along the banks of the channel. 
At times this turbid water may be carried out through the mouth to discolour the 
sea for two miles or more. 
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The turbidity of the water is a measure of the depth to which light can penetrate, 
and thus the depth at which aquatic plants can grow. The distribution of the sea- 
grass, <ostera, throughout the estuary, and its variation with the seasons, is thus 
largely dependent on the turbidity. 


AREA YEAR AVERAGE SALINITY WATER TEMPERATURE = ‘TURBIDITY IN pH 
co In °C, INCHES 
Summer Winter Summer Winter Summer Winter Summer 


Mouth . . . 1949 351° 35-8! 26.15 20.5! 22! 8.28 
Average 35°5 23-3 22 
Lower Channel . 1949 34-7! — 
Average 30-7 
Middle Channel. — 1948 34-2! 21.0! - 
1949 28.7° 26.28 2.18 ut 153! 8.25 
1951 22.1! 30-0! 15! 
Average 25-4 30-2 2g-1 20-4 11-5 13 
27-8 24-7 12-4 
Upper Channel . 1949 30-64 — 26-84 17-5" 4-64 20! beat 
Average 30-6 22-2 12-3 
Umbhlatuzi Lake. 2471? 22-9? 2g-1* 19-8? 16! 8.14 
195! 13-5! 30-5) 3-0! 7-8 
Average 18.8 22-9 29-8 19-8 3+4 16 8.0 
20-8 24°8 9-7 
River Mouths . 1949 24.12 17-5) 39! 
1951 28.31* 27-5} 5! 
Average 26.2 2-3 27-5 17-5 5 39 
14-3 22-5 22 


Upper Reaches . 1951 0-3%t 
0-3 


Taste II. The physical and chemical factors in Richard’s Bay Estuary. Each figure is an average of 

the records for the season, and the number of records on which this figure is based is shown as superior 

figures. *Salinities in mouth of Umsingasi River, ¢ in mouth of Qupu River. { An average of two 
salinities, one from the Enseleni (a tributary of the Umhlatuzi) and one from the Umsingasi. 


(c) The salinity 


The salinity records quoted in ‘Table II are somewhat scattered and probally 
not numerous enough to give reliable averages. However, they are sufficient to give 
a rough idea of the conditions prevalent in the estuary and to justify a few conclusions. 
For instance, the salinities within the estuary are always below that of the sea. The 
average salinities are highest in the mouth (35°5°,,.) and lowest in the upper reaches 
of the rivers 
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Disregarding the values for the river mouths (which were taken in different rivers 
and thus not really comparable) the average salinities were slightly higher in winter 
than in summer, which is compatible with the fact that more rain falls in summer. 
There is, however, very little variation between the two seasons, probably because 
a drop in salinity during the summer is counterbalanced by a greater evaporation 
during this period. 

The effect of rain is shown by a drop in the salinity within a few days. Thus at 
Sandy Point the salinity was 31-4°%,, on January 24, 1949, and 14°1°%, at a comparable 
period of the tide on February 2, 1949, after heavy rain. At Pelican Island the 
salinity dropped from 34:9%, to 16°3°% after the same period of rain. Such an 
effect is not permanent, for in July of the same year the average salinity of the same 
area was 26°3% po. 

Tidal changes in salinity occur as far up the estuary as Spinach Point, in the 
upper channel. On January 29, 1949, the values were as follows: 


Low water High water 


Pelican Island (Middle Channel) . 34°4%o 35°3%o 
Spinach Point (Upper Channel)... 30°2%, 


However, at this period the rivers were barely running and the salinities thus 
very stable. Greater differences could be expected when the rivers are full. 

On the whole the salinities in the estuary are remarkably constant and show very 
little variation. They do not rise to values higher than those of the sea as they do at 
St. Lucia, nor do they drop considerably after heavy rain. There is a normal salinity 
gradient ranging from 35°, at the mouth to 0-3%p , or less, in the rivers, and never 
to our knowledge has the gradient been reversed. 


(d) Water temperatures and pH 


Isaac (1937) gives a mean annual temperature of 21-8° C. for the sea at Durban, 
with a maximum monthly mean of 24-65° C. in February and a minimum of 19°25° C. 
in August. Since Richard’s Bay is approximately 2° further north than Durban the 
sea temperatures there would be slightly higher (Sverdrup et al., 1942). A comparison 
with Table II will then show that the average water temperatures in the estuary are 
always above those of the sea in summer and close to or below those of the sea in 
winter. Maximum values are found in the shallow waters of the Umhlatuzi Lake, 
and minimum values in the deeper water of the upper channel and in the mouths of 
the rivers. 

The temperatures show considerable variations and there is a noticeable drop 
after rain and in the early morning, and a corresponding rise after a dry period and 
in the afternoon. Thus at Spinach Point the temperature was 27°5° C. on January 25, 
1949, after a prolonged dry period, but on February 2, 1949, had dropped to 224° C. 
after rain. Similarly, temperatures in the Umhlatuzi Lake dropped from over 30° C. 
to 23°8° C, after rain. The temperature is also influenced by the tide, and in the 
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channel and mouth regions is lower at high tide than at low tide, as the following 
figures taken at spring tide on January 29, 1949, will show. 


Low water High water 


27°0° C. C. 
Pelican Island 28-0" C, 26°8° C, 
Spinach Point . agi? C. 28-0° C, 


The pH values given in Table I] were taken with a BDH comparator using 
thymol blue as an indicator and were corrected for salt error. The pH of the water 
in the estuary is close to that of the sea in the lower regions near the mouth and in 
other parts in periods of high salinity, but is lowered after rain as the rivers in this 
area are approximately neutral. 


THE VEGETATION 


The general distribution of swamp vegetation, bush, and mangroves has been 
mentioned in the general description of the area and is indicated in figs. 1 and 2. 

The swamp vegetation, which occurs mostly on the banks of the Umhlatuzi 
Lake, but also in parts of the channel, includes the ‘hippo grass’ Phragmites communis, 
rushes such as Juncus kraussi, ‘buffalo grass’ Stenotaphrum glabrum, Salicornians including 
Arthrocnemum africanum, and other flowering plants (such as Triglochin) and grasses such 
as Sporobolus virginicus. These forms usually occur above water-level, but may be 
partially immersed at high tide or during times of flood. 

The mangrove forests include three species, namely Avicennia officinalis, which is 
the most abundant, Rhizophora mucronata and Bruguieria gymnorhiza. These species 
form thick forests over belts of soft oozy mud usually just above tidal levels, but some- 
times extend downwards into the shallow water where the aerial roots of Avicennfa 
may form a firm substratum for the attachment of algae, hydroids or barnacles. Oi 
the three, Avicennia is limited to the tidal part of the estuary and is abundant on 
Pelican Island, Treasure Island and the banks of the middle channel. It does not 
occur in the Umhlatuzi Lake. Beyond the mangroves the tree Hibiscus tiliaceus grows 
at a slightly higher level on the shore. 

The swamp vegetation and the mangroves provide harbourage for numerous 
crabs, snails and other small animals, but are of little importance as sources of basic 
plant-food. The only large aquatic plant is Zostera, the ‘sea-grass’, though a few 
green algae, epiphytes and diatoms may be abundant in some areas. Zostera, when 
alive, provides shelter for fish fry, shrimps, prawns and other small animals, and when 
it decays it forms a sort of vegetable soup in which live myriads of microscopic 
organisms. This mixture, known as detritus, is the basic food supply of most of the 
estuarine animals. The quantity and distribution of Zostera is thus of the greatest 
importance. 

The distribution of Zostera in an estuary is limited by various factors, chiefly 
salinity, light penetration and the nature of the substratum. In Richard’s Bay the low 
salinities prevent the growth of Zostera in the rivers. In the Lake and the channel 
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the salinity is higher and fairly constant and other limiting factors come into opera- 
tion. The importance of the turbidity of the water in determining the amount of 
light penetration has already been mentioned, and it seems that the muddy waters 
of the Umhlatuzi Lake prevent the growth of Zostera there to any extent. Isolated 
patches do occur just within Spinach Point and near the exit of the channel, but these 
are luxuriant only in winter and appear to die down in summer with the increase in 
turbidity. The nature of the bottom is also important in that Zostera can only grow 
on firm mud or muddy sand. It is thus barred from the soupy mud of the Lake and 
the backwaters of the channel and also from the clean shifting sands of the lower 
channel and mouth. 

For all these reasons Zostera is restricted to the upper and middle channel. It 
appears first at Spinach Point, and becomes denser and more luxuriant near Treasure 
Island where it forms a broad bank known locally as Mermaid’s Folly. In the middle 
channel a luxuriant stretch below Pelican Island is known as Flamingo Bank. It 
grows mostly about low-tide level but may be partly exposed at extra low tides and 
may extend to about 18 inches below low-tide level in the clearer waters. Here, too, 
the weed-beds are more luxuriant in the winter when the water is less turbid. 


THE FAUNA 


The topography and the physical and chemical conditions have suggested the 
subdivision of the estuary into a number of regions, namely the mouth, the channel, 
the Umhlatuzi Lake and the rivers, and since these subdivisions apply equally well to 
the animal population they will be used in the account which follows. 


(a) The fauna of the mouth area 

In this region the swift currents and clean shifting sand support a poor bottom 
fauna. The banks below tide level are very sterile and contain a few bivalves but no 
polychaets or crustacea. Above low-tide level the crab Dotilla fenestrata lives in 
burrows in wet sand and higher up on the shore are the running crabs Ocypode kuhlu 
and O. ceratophthalmus. 

There is no permanent fish or prawn population in this area, but a few prawns 
(e.g. Penaeus japonicus, P. monodon) and fish (e.g. the glassy Ambassis gymnocephalus, the 
grunter Pomadasys operculare, avid the smelt Sillago sihama) may be caught during their 
migrations to and from the estuary. 


(b) The fauna of the channel 


In the lower part of the channel the substratum is also sand and there is no 
Xostera, but the sand-banks and the small bay south-west of the mouth provide more 
sheltered conditions than in the mouth itself. Here may be found swimming crabs 
such as Charybdis cruciata, Matuta lunaris, and Varuna litterata, a few prawns such as 
Penaeus indicus and P. japonicus, and numerous fish, particularly the glassy Ambassis 
commersoni, the toby Amblyrhynchotes honckeni and the tiger-fish Therapon jarbua. The 
fauna of the sand is scanty, though the same three species of running crabs occur above 
low-water mark and small snails (Assiminea) crawl over the surface. 
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Higher up, in the middle and upper channel, the Zostera beds in the shallow 
waters provide shelter and food for a teeming population of shrimps, prawns and 
small fish. The shrimp Palaemon pacificus occurs in millions, the prawns Penaeus indicus, 
P. monodon and P. semisulcatus are all common, and there are many other species of 
Decapods in smaller numbers. Over 60 species of small fish were netted, but the most 
numerous were Acanthopagrus berda (river-bream) ; Ambassts gymnocephalus and A. safgha 
(glassies); Amblyrhynchotes honckent and Arothron immaculatus (tobies); Gobius nudiceps 
(goby); young Johnius belengertt (‘norndy’); Leiognathus equula (slimy); Liza macro- 
lepis, Mugil cephalus and Strializa canaliculatus (mullet); Lutianus fulviflamma (snapper) ; 
Pomadasys hasta (grunter); Pseudorhombus arsius (flounder); Rhabdosargus tricuspidens 
(silver bream); and Therapon jarbua (tiger-fish). In addition there are thousands of 
smaller crustacea such as mysids, isopods, amphipods (particularly Grandidierella 
bonneri) and tanaids. Swimming crabs of several species also occur (especially Scyl/a 
serrata), and crawling over the bottom are hermits (Clibanarius spp.) and molluscs such 
as Assiminea, Nassarius kraussiana and Natica imperforata. Embedded in the sandy mud 
of the substratum are numerous polychaets and bivalves. 

All of these may furnish food for fishes, but the most important are the mysids, 
the shrimps and the prawns. The fish netted in the Zostera are mostly small species 
or young forms of the larger species which have come into the estuary to feed. Large 
fish, however, often hunt round the edges of the Zostera beds and may be caught by 
anglers in the deeper channels. The most important of these are the mullet, bream, 
grunters and ‘salmon’ ( Johnius hololepidotus). 

In the deeper channels the bed is of soft mud which contains little life, but dredging 
from all parts brings in large quantities of drifting algae, hydroids and polyzoa with 
an accompanying fauna of amphipods and idoteid isopods. The hydroids and polyzoa 
are not a true component of the estuarine population but have been washed in by the 
tide. However, they seem none the worse for the change in habitat. 

On the open beaches of sand or sandy mud in the channel crabs are abundant— 
Ocypode ceratophthalmus and O. kuhlii at higher levels on the beach, and Dotilla fenestrata 
in the lower levels which are covered by the tide. Below the mid-tide level the mud- 
prawn Callianassa kraussi inhabits burrows and there are a few polychaets and bivalves. 
Cast-up weed on the beaches harbours tiny crabs, crickets and amphipods ( Talor- 
chestia ancheidos). 

There are no rocky banks in this region but barnacles (Balanus amphitrite var. 
denticulata) occur on the hulls of rowing-boats and on jetties, and oysters (Gryphaea 
cucullata) are to be found attached to stones on the bottom on the North Sandbank 
near Pelican Island and also on jetties. 

In the regions flanked by mangrove forests a different community of animals 
occurs. Here the substratum is of deep, soft mud, part of it immersed at high tide 
and all of it damp and humid. The mud is riddled with crab-holes and the species 
Sesarma catenata, S. eulimene and S. meinerti are abundant. Some of these may also occur 
on open muddy banks with a marshy vegetation. On the trunks of the mangroves 
and over the surface of the mud crawl the large mangrove snails Cerithidea decollata 
and several species of smaller snails allied to Littorina. Many small mud skippers 
(Periophthalmus cantonensis) shelter in the lower branches. 
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(c) Fauna of the Umhlatuzi Lake 


In the shallow muddy stretches of the lake Zostera is absent except for scruffy 
patches near the exit of the channel, and the fauna shows a marked diminution. 
Mysids (Mesopodopsis africana) are common, and prawns are still fairly abundant, 
particularly Penaeus indicus and Acetes erythraeus, which shelter in the soft mud of the 
bottom, but shrimps are scarce. Most of the fish have disappeared and the only 
species present in any numbers is Liza macrolepis. The number of species netted was 
only 15 as compared with 67 in the channel. Of these several have appeared for the 
first time, e.g. Anchoviella commersonii (anchovy), Monodactylus falciformis (moon-fish) 
and Thrissocles setirostris (glass-nose), and are characteristic of the areas of lower 
salinities. The remainder are species typical of areas of higher salinities but which 
are able to withstand a certain amount of variation. 

‘The sandy beaches are very bare of life, with only a very few crabs (Ocypode 
ceratophthalmus) in burrows, and amphipods ( Talorchestia ancheidos) under dead weed. 

Muddy banks in mangrove or marshy areas shelter numerous crabs of the species 
Sesarma eulimene, but other types are rare. Polychaets (Prionospio sexoculata) and the 
amphipod Eriopisa chilkensis also occur in the mud. 

Floating in the water are large Rhizostomid jellyfish which are to be seen through- 
out the estuary. 


(d) Fauna of the rivers 


In the lower reaches of the rivers before they enter the estuary there is a scanty 
fauna of a somewhat mixed nature. In the first place are those whose natural habitat 
is the lake and channel area, but which possess a marked resistance to lowered 
salinities and are thus able to penetrate some way up the rivers. A striking example 
is the marine crab Varuna litterata, which was found 300 yards up the Umsingasi River 
in a salinity of 7-3%,). This crab is also reported from fresh water by Barnard, 1950. 
The mysid Mesopodopsis africana, the prawn Penaeus monodon and the polychaets 
Dendronereis arborifera and Prionospio ?sexoculata penetrate as far as 80 yards in a salinity 
of 15°9%o- 

The other component of the fauna in this area includes fresh-water forms which 
appear for the first time due to an ability to withstand raised salinities. Thus Caridina 
nilotica, the fresh-water shrimp, appears first near the mouths of the rivers, and further 
up various insect larvae. Macrobrachium equidens, the ‘river prawn’, must also be 
included under this heading, since it is a common inhabitant of rivers on the Natal 
coast, but it also occurs in the middle and upper channel. 

In the upper reaches of the rivers, where the saline influence of the estuary has 
practically vanished, further changes occur. All typical estuarine animals are absent, 
with the single exception of Varuna litterata, and fresh-water forms become more 
common including those mentioned above. The polychaet Ceratonereis hircinicola, and 
the amphipods Chiltonia capensis and Parorchestia rectipalma are typical of this border 
region, and the isopod Dies monodi also occurs. Investigations on other estuaries on 
the east coast of South Africa (cf. Barnard, 1951) have shown that Dies monodi is 
entirely limited to such areas of low salinity. 
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SEASONAL CHANGES IN THE FAUNA 


The bottom and shore-living fauna such as shellfish, worms and most crabs, and 
many of the swimming types are permanent residents of the estuary and show little 
variation throughout the year. Mysids and shrimps, for example, breed in the estuary 
and may often be found in berry. On the other hand the prawns, the large swimming 
crabs (e.g. Scylla serrata) and the great bulk of the fishes leave the estuary in autumn 
to breed in the sea and are thus less abundant in the winter than in summer. In the 
spring or early summer shoals of fish follow the prawns into the mouth, and Richard’s 
Bay, as most other estuaries, serves as a nursery-ground for the fish fry which feed in 
the warm sheltered waters on the resident mysids and shrimps. The larger fish, such 
as grunter and ‘salmon’, leave again in the autumn, but the young ones seem to 
remain for a year or more and can be caught at all seasons. The food and the habits 
of this migratory component are as yet not known in detail and much work remains 
to be done. The notes which follow incorporate observations to date and should form 
a useful basis for further work on the subject. 


EcoLocicaL Notes ON THE FAUNA 
(a) The mysids 
These tiny, shrimp-like creatures are abundant all over the estuary and may even 
extend into the mouths of the rivers. They feed on detritus, breed in the estuary and 
form an important part of the food of young fish, The most common species is 
Mesopodopsis africana. 


(b) The prawns 

The life-history and habits of the prawns have been discussed in Part IV of this 
series (Day, Millard and Broekhuysen, 1954). The following notes include additional 
information which, it is hoped, will contribute towards a more thorough under- 
standing of the problem. 

Five species of prawns occur in Richard’s Bay and form an important component 
of the fauna, since they provide food for the fish and are netted commercially for sale 
to anglers as bait. Most abundant in these commercial nettings is Penaeus indicus, 
while P. monodon (the tiger prawn) and Metapenaeus monoceros are also fairly common. 
Some idea of the sizes may be obtained from the following figures. 


Maximum size Average size in 
recorded commercial nettings 


in cm. in cm. 
Penaeus indicus . 14 7:8 - 
Metapenaeus monoceros . 7 - 7:0 
Penaeus japonicus. 4°5 
P. semisulcatus . 7 


Though present throughout the estuary, the prawns are particularly abundant 
in the Zostera beds of the middle and upper channel, where they thrive on the detritus 
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and epiphytic algae of the Zostera. Individual species have their own optimum 
conditions. Thus P. monodon is almost restricted to the Zostera beds as the figures in 
Table III will show, though it has been found in the hard sandy bays of the channel, 
in the western end of the Umhlatuzi Lake and even in the Umsingasi River as far 
as 150 yards from its mouth. P. indicus is equally at home in the Zostera beds and in 
the shallow stretches with a soft muddy bottom. Here it is concealed by the murky 
water and may take refuge by digging into the soft mud. Of the remaining species, 
P. semisulcatus is common in the Zostera beds of the channel, while Metapenaeus 
monoceros and Penaeus japonicus occur more rarely and are fairly evenly distributed. 


P. indicus P.monodon’ M. monoceros Number 
counted 
Muddy bottom... 6-6 136 
(Umhlatuzi Lake) 
Muddy bottom. 3°5 1597 
(Umbhlatuzi Lake) 
Scanty Zostera. 95°9 3°2 219 
(Channel) 
Normal Zostera. 773 2°5 402 
(Channel) 
Thick Zostera . 44°45 55°55 135 
(Channel) 


Taste LIL. Percentage of catch of three species of prawns in different environments. The second set 
of figures is derived from commercial nettings and the percentage of P. monodon may be rather too low, 
since the netting boys often remove the larger specimens. The counts were made in January, 1949, 
when the Zostera in the Umbhlatuzi Lake was in poor condition and practically non-existent. 

‘The prawns are not permanent residents of the estuary since they migrate to the 
sea for breeding purposes. ‘The general story of this migration is fairly clear, though 
the details still need to be worked out and there are many puzzling features. It is 
known, for instance, that most of the larger prawns leave the estuary in autumn to 
spawn in the sea in winter, for the number becomes very much reduced at this time. 
Yet a certain percentage remains (although they do not spawn) and there is no 
obvious reduction in the average size. In the spring enormous numbers of larvae 
enter the estuary and move up the channel, where they grow very rapidly during 
summer. All stages from larva to adult have been caught in January, the majority 
in the post-mysid stage and about 9 mm. in length. Most of them remain in the 
Zostera beds, but some move up to the lake area and may even enter the mouths of 
the rivers. It is not known how long the young prawns take to mature, nor whether 
they are ready to leave the estuary in the autumn of the same year (as they do in 
Australia). Possibly they remain until the following season, for juveniles are certainly 


present in July. 


(c) The shrimps and other Macrura 


These forms are also exceedingly abundant in the estuary, and although not so 
popular as the prawns for bait due to their smaller size, are of considerable economic 


t 
\ 
( 


ECOLOGY OF SOUTH, AFRICAN ESTUARIES—PART V 17! 


importance since they form the major component of the food of many fishes such as 
bream and young grunter. 

The most important species is Palaemon pacificus, which reaches a length of 
3°5 cm., and occurs in countless millions in the Zostera beds of the middle and upper 
channel. The proportion of shrimps to prawns in this area was 167 to 84 in January, 
1951. 

The smaller shrimp Acetes erythraeus is also common in the Zostera beds but does 
not seem to be so dependent on them, for it also occurs in large numbers in the western 
end of the Umhlatuzi Lake. 

These two species may be considered as typical estuarine forms. In the rivers 
they are replaced by different species although a certain amount of overlapping occurs. 
The characteristic fresh-water shrimp of the area is Caridina nilotica, while the ‘river 
prawn’ Macrobrachium equidens is less common. 

Shrimps are detritus-feeders, but, unlike the prawns, breed in the estuary. 
Palaemon breeds in winter, though specimens have also been found in berry in 
January. 


(d) The crabs 

As has already been indicated, the crabs show a fairly definite zonation according 
to the habitat. ‘Thus there are swimming crabs, crabs of sandy beaches and crabs 
of muddy banks and mangrove forests. 

The swimming crabs include Scylla serrata, Charybdis cruciata, C. merguiensis, 
Thalamita crenata, Lupa sanguinolenta, Matuta lunaris, and Varuna litterata. The largest 
and most abundant is Scylla serrata, and the claws of the larger specimens make a 
choice table delicacy. Diseased specimens are sometimes found with a heavy growth 
of the stalked barnacle Octolasmis cor on the gills. All of these are possibly migratory 
forms leaving the estuary to breed. Certainly none have been found in berry, and it is 
reported that only male Scyllas are to be found in the estuary. 

The typical crabs of sandy beaches are Ocypode kuhlii, O. ceratophthalmus and 
Dotilla fenestrata, of which the two species of Ocypode occur at higher levels on the shore 
and Dotila in wet sand covered by the tide. All three are essentially marine crabs and 
are most abundant near the mouth. O. kuhlii is almost entirely limited to the mouth 
region, although a few isolated specimens occur in the middle channel. Dotilla is more 
resistant to salinity changes and is still fairly common in sandy spits in the upper 
channel, while O. ceratophthalmus alone penetrates into the Umhlatuzi Lake. 

In mangrove forests and in marshy areas with a muddy substratum, crabs form 
the dominant population. The three species of Sesarma are common almost every- 
where (S$. catenata, S. eulimene, S. meinerti), Metapograpsus messor is more rare and 
Macrophthalmus grandidieri occurs occasionally in burrows near low water. 

In fresh-water streams and pools the crabs Potamonautes perlatus and P. sidneyi 
occur. 


(e) The fish 
Notes on the more important species of fish have been incorporated in the paper 
on St. Lucia Estuary (Day, Millard and Broekhuysen, 1954). These include the 
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‘salmon’ or kob (Johnius hololepidota), the ‘norndy’ ( Johnius belengeri), the ‘grunter’ 
(Pomadasys operculare), the ‘yellow-fin bream’ (Rhabdosargus sarba), the ‘silver bream’ 
(Rhabdosargus tricuspidens), the ‘sea tiger fish’ (Therapon jarbua), three species of mullet, 
the glass-nose anchovy ( Thrissocles malabaricus) and the goby (Gobius giurus). All these 
species also occur at Richard’s Bay and are equally important. They need not be 
discussed again here as there is little further to add and their habits and feeding 
methods appear to be similar. Over 70 species have been recorded and their relative 
abundance and distribution is given in the appendix. It is strange that the ‘mud 
bream’ (Tilapia mossambica) which is common in St. Lucia has not yet been caught 
at Richard’s Bay. 

One group of fish has not been dealt with in the St. Lucia paper, namely the eels. 
Although only a few specimens of adult conger pike eels (Muraenesox cinereus) were 
caught in the channel, many Leplocephalus larvae possibly of the same species were 
caught all over the Umhlatuzi Lake and also in the middle and upper channel in 
January, 1949. Both larvae and adults were present during the summer, and although 
the migrations are probably similar to those of European eels little information is yet 
available on South African species. 


Discussion 


Although many features are common to Richard’s Bay and St. Lucia estuaries 
due to a similar topography and a similar climate, from other aspects the two are 
very dissimilar, for St. Lucia possesses many peculiar and abnormal features, such 
as raised salinities, abnormal deposits of silt and an occasionally closing mouth. Thus 
the fauna of the mangrove forests, of the Zostera beds and of the sandy beaches is very 
similar in the two estuaries. Moreover the shrimps, prawns and fish are mostly of the 
same species and in general show similar feeding and migratory habits. But, whereas 
at Richard’s Bay there is a gradual change from fresh to salt water down the length 
of the estuary, St. Lucia often exhibits the phenomenon of a reversed salinity 
gradient. 

The conditions of high salinities sometimes encountered in the northern lakes of 
St. Lucia never occur in Richard’s Bay. In these northern lakes the animal population 
is poor and limited to a small group of euryhaline species, including the polychaet 
Mercierella enigmatica, the bivalve Modiola capensis, the isopods Cirolana fluviatilis,and the 
crabs Hymenosoma orbiculare and Rhynchoplax bovis. It is known from work on other 
estuaries that these species can withstand not only raised salinities but also lowered 
salinities, and so could be expected to be present in at least some part of Richard’s 
Bay. It is surprising that not one has been recorded. The reason for this is not clear; 
it may be that some factor other than salinity is concerned, and it is hoped that a 
better understanding of the problem may be gained as the survey of other estuaries 
proceeds. 

On the whole Richard’s Bay can be taken as a typical example of a normal 
sub-tropical estuary of the Lagoon type and as such can be profitably compared with 
Knysna Estuary on the south coast and the ideal estuary postulated by Day (1951). 
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Day provisionally subdivided his ideal estuary into four regions on the grounds 
of substratum, currents, salinities and biota. These subdivisions are summarized as 
follows: 


1. The head of the estuary.—Change from river to estuarine conditions. Salinity low 
and variable. Fauna of salt-tolerant fresh-water forms. 

2. The upper reaches—Currents reduced by broadening of basin and inflow of tide. 
Large amounts of silt deposited as mud. Extensive salt marshes and often ‘salting 


cliffs’. Fauna poor and of mud-preferring types. 


3. The middle reaches ——Tidal influence marked. Substratum mostly muddy sand. 
Fauna rich, including estuarine forms and euryhaline marine forms. Many 
burrowing forms. Rich Zostera beds a typical feature. 

4. The mouth. Wave action and strong currents prevent settlement of silt. Sub- 
stratum of clean shifting sands or rock. Water clear, Fauna of stenohaline marine 
forms. 


At Knysna it was found that the same subdivisions could be applied. Here the 
estuary is roughly onion-shaped, with the broadest or ‘lagoon’ part in the middle 
reaches. However, there is a region of overlap between middle and upper reaches 
so that the line of demarcation is not well seen. Since the mouth is comparatively 
broad and deep, tidal influence is marked and extends right up to the ‘head’. 

At Richard’s Bay the faunistic divisions are clear and easy to distinguish. ‘The 
‘head’ of the estuary is to be found within the rivers before they enter the main part of 
the estuary. It is here that the change from fresh-water to estuarine fauna occurs, 
and the salinities are low, although they vary with the seasons. The distance up the 
river at which the ‘head’ is located varies with individual rivers, depending chiefly 
on the slope of the bed, and thus the extent to which salt water can penetrate. The 
Umbhlatuzi Lake with its muddy substratum and slack currents clearly represents the 
‘upper reaches’, and the middle and upper channel with its rich Zostera beds and 
substratum of muddy sand, the ‘middle reaches’. The part referred to as the lower 
channel with its clean shifting sands and the actual exit to the sea together represent 
the ‘mouth of the estuary’. 

The shape of the estuary as a whole is rather different from that of Knysna, for 
at Richard’s Bay it is the upper reaches which are broadened to form a lake while the 
middle reaches are narrow and winding, and it is perhaps for this reason that there is 
a more definite line of demarcation between middle and upper reaches. Moreover, 
the narrowness of the mouth has reduced tidal action so that, although saline water 
does enter the Umhlatuzi Lake, no tidal range is visible in the greater part. The 
presence of saline water throughout the lake may be due partly to the mixing effect 
of wind on a shallow body of water or may be due to a gravity inflow to replace water 
lost by evaporation. Unfortunately no positive data on this point are available. 

It is becoming increasingly clear that the faunistic divisions of an estuary are 
readily determined on the basis of the substratum (mud, sandy mud or sand) and 
turbidity, which determine the nature of the fauna and flora. Thus rich Zostera beds 
are typical of the middle reaches but may also extend into the upper reaches to a 
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certain extent. ‘The salinity range on the other hand shows considerable variation and 
it seems that classification into faunistic divisions cannot be based on salinities alone 
but must be considered together with more stable factors such as substratum and 
turbidity. 

In both Knysna and Richard’s Bay it is clear that the richest and most valuable 
parts of the estuary are the oslera beds of the middle reaches, where the Zostera and 
the detritus resulting from it provide food for the smaller fish and crustacea such as 
mysids, shrimps and prawns, these in their turn forming rich feeding for the large 
fish which enter from the sea. At Richard’s Bay a total of 183 species was recorded 
from the whole estuary, of which the majority have been listed in the appendix with 
details of their abundance and distribution. A few have been omitted as their final 
identifications are not complete. 

Table IV shows clearly that the largest number of species comes from ‘the 
middle reaches’, Number of species alone, however, gives no idea of the richness of 
the population, but a reference to the appendix will show that many species are 
abundant in this region although scarce elsewhere. ‘The greater majority of the species 
are young or juvenile forms. 


Faunistic division Number of species 
“The Mouth’, including the mouth and lower channel — . 35 
“The Middle Reaches’, including the middle and upper 
“The Upper Reaches’, including the Umhlatuzi Lake and 
‘The Head’, including the upper reaches of the rivers —. I 


Taste TV. The number of species recorded in the faunistic divisions of Richard’s Bay Estuary. 


Consequently it cannot be too clearly emphasized that extensive netting in the 
Zostera beds of the channel would rapidly reduce the population and discourage the 
entry of the angling fish. 

Like other estuaries on the east coast of South Africa Richard’s Bay seems to be 
vetting shallower as the years pass, and of course it suffers from the effects of drought. 
After a prolonged period of low rainfall the quantity of water in the rivers is small, 
the scouring action of the water is lost. and the annual deposition of silt in the lake 
and channel is not washed out to sea. Much of the Zostera is killed off, the salinities 
rise and in general the conditions suitable for life deteriorate. A period of heavy 
rainfall or flood will, of course, alter all this, and scour out the channels once more. 
So far the effects of drought and silting have not become so extreme as at St. Lucia, 
partly perhaps because the rainfall in the area is slightly higher and partly because 
there has been less interference with the upper reaches of the rivers. At present most 
of the rivers pass through extensive swamps where much of the mud is settled. ‘The 
remainder is deposited in the Umhlatuzi Lake, with the result that the channel and 
mouth are comparatively clear. If the swamps were to be drained and the rivers 
canalized, the effects might well be as disastrous as the effect of the Umfolozi on 
St. Lucia. 
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APPENDIN 
A. List or THe More Important ALGAE AND FLOWERING PLANTS 


ALGAE 


FLOWERING PLANTS 


Calloglossa sp. (Epiphyte) Arthrocnemum africanum Moss 

Caulerpa filiformis (Suhr) Hering Avicennia officinalis (Linn) (mangrove) 
Champia compressa Harv. Bruguieria gymnorhiza (Lam.) (mangrove ) 
Enteromorpha sp. Hibiscus tiliaceus Linn. 

Halimeda cuneata Hering | Juncus kraussi Hochst. 

Polyzonia sp. Phragmites communis ‘Trin. 

Tylotus beckeri (J. Ag.) Kylin Rhizophora mucronata (Lam.) (mangrove) 


Sporobolus virginicus Kunth. 
Stenotaphrum glabrum Trin. 
Triglochin sp. 

Rostera capensis Setchell. 


B. Comparative List or FAUNA 


The abundance of the species in the different areas is indicated by syinbols: P, present; F, fairly 
common; C, common; A, abundant. The estuary was divided into regions for convenience, namely: 
1. The mouth, including the sandy channel of the mouth only. 

. The lower channel, from the mouth to the first appearance of the Zostera at about Shad 
Point. 

. The middle channel, from Shad Point up to and including Sandy Point. 

. The upper channel, from Sandy Point up to and including Spinach Point. 

. The Umblatuzi Lake, beyond Spinach Point. 

. The river mouths, including the lower reaches of all rivers and their openings into the 
estuary. 

7. The upper reaches of all rivers. 
This list is not quite complete, since the identifications have not all been finished. There are 


present, for instance, a few sponges, jellyfish, sea anemones, nemertines and Ctenophora, and a few 
extra molluscs. 
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The Mouth 
Lower Channel 


CoELENTERATA: HybROZOA: 


Clytia sp... 

Ki irchenpaueria mirabilis (Allman) . 

Paragattya intermedia Warren 

Plumularia glutinosa (Lamx) 

Sertularia operculata Linn. 

Sertularia turbinata (Lamx). 

Stereotheca acanthostoma (Bale) . 

Thecocarpus formosus (Busk) 

Thecocarpus parasiticus 

Thuiaria bidens (Bale) . 
COELENTERATA: SCYPHOZOA: 

Cubomedusid jellyfish. . P 

Rhizostomid jellyfish . F 
ANNELIDA: POLYCHAETA: 

Ceratonereis ?hircinicola (Eisig) . 

Dendronereis arborifera Peters 

Dendronereides zululandica Day . 

Marphysa simplex (Crossl.) . 

Platynereis near callodonta 

Prionospio ?sexoculata Aug. . 
Crustacea: CirRIPEDIA: 


“amphitrite \ var. denticulata 
Broch . 
Octolasmis cor Auriv. 
CRUSTACEA: STOMATOPODA: 
Squilla raphidea Latr. 
Crustacea: Mysipacea 
Gastrosaccus brevifissurus O. Tat. . 
Mesopodopsis africana QO. Tat... Cc 
Mesopodopsis slabberi van Ben... 
Rhopalophthalmus egregius Hansen . 
Sinella sp. . 
Tenagomysis natalensis O. Tat. . 
Crustacea: TANAIDACEA 
Leptochelia sp. 
Crustacea: Isopopa 
Aegasp.. . 
Dies monodi 
Idotea indica M. ‘Edw. 
Synidotea variegata Cllge. 
Crustacea: AMPHIPODA 
Amphilocid n. sp. = 
Chiltonia capensis Barn... 
Eriopisa chilkensis (Chilton) 
Grandidierella bonnieri Stebb. 
Melita zeylanica Stebb. . 
Parorchestia rectipalma Barn. 
Talorchestia ancheidos Barn. . 


Middle Channel 
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The Mouth 


CrusTAceEA: MAGCRURA 
Acetes erythraeus Nob... 
Caridina nilotica (P. Roux) . 
Leucifer sp. 
equidens (Dana) 
Metapenaeus monoceros (Fabr.) . 
* Palaemon pacificus : 
Penaeus indicus M. Edw te 
Penaeus japonicus Bate . . . 
Penaeus monodon Fabr. . . . . C 
Penaeus semisulcatus de Haan 
CrusTAcEA: ANOMURA 
Callianassa kraussi Stebb. 
Clibanarius longitarsus (de Haan) 
Clibanarius cf. padavensis de Man . 
Clibanarius striolatus Dana? 
Coenobita cavipes Stimpson . 
Crustacea: BRACHYURA 
Cardisoma carnifex (Herbst) 
Charybdis cruciata (Herbst). . 
Charybdis merguiensis (de Man) 
Dotilla fenestrata Hilg. . . . . P 
Lupa sanguinolenta (Herbst). 
Macrophthalmus grandidieri M. Edw. 
Matuta lunaris (Forsk.). .  . 
Metapograpsus messor (Forsk.)  . 
Ocypode ceratophthalmus (Pallas) 
Ocypode kuhlit de Haan. 
Potamonautes perlatus (M. Edw. ) 
Potamonautes sidneyi Rathbun . 
Scylla serrata (Forsk.) . . . 
Sesarma catenata Ort. 
Sesarma eulimene de Man 
Sesarma cf. plicata (Latr.) . 
Sesarma meinertide Man. 
Thalamita crenata (Latr.) M. Edw. 
Varuna litterata (Fabr.). 
INSECTA: 
Anisops sp. 
Baetid nymphs . 
Dytiscid beetle . 
Ephemeroidean nymph 
Syrphid fly larvae and pupac. 
Motuusca: PELECYPODA 
Cytherea sp... 
Gryphaea cucullata (Born rn.) ‘ 
Solen sp. (siphon only in fish). 
Tellina sp. . 
GASTROPODA 
Assiminea s 
Cerithidea decollata (Linn. ‘ 
Nassarius kraussianus (Dunker) 
Natica ?imperforata . 


* Palaemon pacificus = Leander pacificus. 


Lower Channel 
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Pisces 
Abudefduf sordidus (Forskal) 
Acanthopagrus ?berda (Vorskal 
Acanthurus fuliginosus (Lesson). 
-imbassis commersoni Guv. & Val. . 
Ambassis gymnocephalus (Lac.) . 
Ambassis safgha (Vorskal) 
Amblyrhynchotes honckeni (Bloc h) ) 
Anchoviella commersonii (Lac.) 
Antennarius pinniceps Valenc. 
Antennarius striatus (Shaw) . 
Arothron immaculatus (Bloch) 
Blennius fascigula Barn. . 
Bothus pantherinus (Ruppell) 
Caranx ?dinema Bleeker . 
Caranx hippos (Linn.) 
Caranx ignobilis (Forskal) 
Caranx sexfasciatus & Gain. 
Chorinemussp. . . . . 
Dasyatis uarnak (¥orskal) 
Diplodus ?sargus Linn. . 
Drepane punctata (Linn.) 
Epinephalus andersoni Boul. . 
Epinephalus fario (Thunb.) . 
Epinephalus guaza (Linn. 
Epinephalus tauvina 
Gerres ?acinaces Bleeker . 
Gerres punctatus Cuv. 
Gobius acutipennis Cuv. . 
Gobtus giuris Ham. 
Gobius nudiceps Cuv. 
Hyporhamphus ?impro:isus (Smith) . 
Hyporhamphus knysnaensis (Smith) . 
Johnius belengerii (Cuv.) ‘ 
Johnius hololepidotus (Lac.) . 
Kantapus oglinus Smith . 
Leiognathus equula (¥orskal) 
Leptoscarus vaigiensis (Quoy & Gaim.) 
Lethrinus ?nebulosus (Forskal) . 
Lutianus fulviflamma (Forskal) 
Macrura kelee (Cuv.) 
Monodactylus argenteus (Linn.) . 
Monodactylus falciformis Lac. 
Muzgil (Valamugil) buchanani Bleeker 
Mugil cephalus Linn. 
Mugil (Strializa) canaliculatus Smith 
Mugil (Pteromugil) diadema Gil. & 
Thomp. . 
Mugil (Liza) macrolepis Smith . 
Mugil (Liza) oligolepis (Bleeker) 
Mugil (Valamugil) seheli Forskal 
Mugil strongilocephalus Rich. 
Muraenesox cinereus (Forskal) 
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Mouth 


Otolithes ruber (Schn.} 
Pertophthalmus cantonensis Osbeck 
Pelates quadrilineatus (Bloch) 
Platycephalus indicus (Linn.) 
Pomadasys hasta Bloch Sens 
Pi omadasys ?multimac sdetum (Play- 
fair) 
Pomadasys operculare (Play fair). 
Pseudopristipoma ( nigrus 
(Gav). . 
Pseudorhombus arsius (Ham. 
Pterois volitans (Linn.) . 
Rhabdosargus sarba (Forskal) 
Rhabdosargus tricuspidens Smith 
Siganus rivulatus (¥orskal) 
Siganus sp. 
Sillago sihama ‘orskal) Pr 
Solea bleekeri Boul. 
Stephanolepis auratus (Cast.) 
Stethojulis ?strigiventer (Benn.) . 
Syngnathus spicifer Rupp. 
Therapon jarbua (Forskal) 
Thrissocles malabaricus (Bloch) . 
Thrissocles setivostris (Brouss. 
Trypauchen microcephalus Bleeker 
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rans. Roy. Soc. S. Afr., Vol. Plate V 


An aerial photograph of the Channel area of Richard’s Bay estuary, taken at low tide when the 

Xostera beds were exposed. The extensive Zostera bed known as Mermaid’s Folly is in the lower left 

corner, and Flamingo Bank is on the right of Pelican Island near the centre of the Channel. For 
further details compare fig. 2. 


Photograph No.117/37/54710, reproduced under Government Printer’s Copyright Authority No. 972 of tO.A1.51.) 
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Trans. Roy. Soc. S. Afr.. Vol. NNNIV Plate VI 


(A) Asingle tree of the mangrove, Aeicennia officinalis growing on a tidal mud-flat off Pelican Island. 
The aerial roots form a substratum tor hydroids and epiphyte algae. 


(B) A dense mangrove forest on the banks of thefupper Channel. 
Photographs: R. Liversidge. 
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THE EUPHAUSIID CRUSTACEANS OF SOUTHERN AFRICAN WATERS 
By Brian P. Bonen! 
The Laboratory of the Marine Biological Association of 
the United Kingdom 
(With twenty-four text-figures) 
(Communicated by J. H. O. Day) 


(Read August 8, 1951) 


The euphausiid crustaceans from several extensive collections made in the waters around southern 
Africa have been examined. Forty-two species, belonging to nine genera, are described and fully 
illustrated. One new species, Thysanopoda subaequalis, is described, and sixteen new distribution records 
are added. Keys to the genera and species are included. A short comment is made on the hydrographic 
conditions in the area. The distribution of species is treated briefly, with extra emphasis on those 
species whose more southern representatives have been investigated by other workers. 
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INTRODUCTION 


‘The general marine biologist in South Africa, called upon for a great diversity 
of identifications, is frequently at a disadvantage due to the rather serious lack of 
descriptive literature dealing with the local plankton groups. Since he usually deals 
with two major current systems—the Indian and the Atlantic—whose plankton fauna 
are more or less profoundly influenced from time to time by a third system—the 
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subantarctic—this lack is particularly serious. It is for non-specialist workers dealing 
with the commercially important euphausiid crustaceans that this paper is primarily 
intended, for literature adequate for the identification of the relatively great number 
of euphausiid species occurring in South African waters is to be found in only a few 
of the laboratories of the world. Particular emphasis has been placed therefore on 
illustrations and keys, and synonymy has been curtailed to original descriptions and 
subsequent changes of name or definite misidentifications. 

Secondarily, it is desirable for those interested in the euphausiids as a group 
that the South African euphausiids should be investigated. Whereas the more southern 
euphausiids have been subjected to detailed investigations by a number of expeditions, 
the subtropical representatives of this group have been largely neglected. 

The only previous papers on South African euphausiids are those of Stebbing 
(1905, 1910) and Tattersall (1925). Between thei these papers list nineteen species. 
Many of these are referred to by names which have since been absorbed as synonyms, 
and others have been placed in the wrong genera. Illig (1930) in the VALDrviA report 
has listed a number of species from the area under consideration herein. Many of 
these records have since been shown to be based on misidentifications (John, 1936). 

In the present work descriptions are given of forty-two species belonging to nine 
genera. 


MATERIAL 


The material for this investigation was taken from the shaded area shown in 
fig. 1. The great bulk of it was collected at different times in different years by 
the ships of the Discovery Investigation. This collection was supplemented by the 
collection of the Zoology Department of the University of Cape Town and much of 
the material in the British Museum (Natural History) on which Tattersall’s (1925) 
paper was based. The mass of material examined afforded good coverage in both 
space and time and while some of the rarer species may have been missed it seems 
probable that all the commonly occurring species have been described and figured. 


PART I 


TAXONOMY OF SOUTH AFRICAN EUPHAUSIIDS 


TERMINOLOGY 


The terminology used in this paper is illustrated in fig. 2. Detailed discussions 
of morphology and terminology are to be found in Sars (1885), Ortmann (1893), and 
Zimmer (1999). 


FAMILIES OF THE ORDER EUPHAUSIACEA 


Until recently it has been generally accepted that the order Euphausiacea 
contained only one family, Euphausiidae, in which the genera were considered of 
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equivalent rank, or in which they were divided into three subfamilies (Holt and 
‘Lattersall, 1905; Calman, 1909). Ejinarsson (1942), largely on further evidence 
regarding the male reproductive system, has revived the family Bentheuphausiidae 
Colosi, 1917, and regards the order as being divided into two families. The division 
seems well founded and is adopted here. 

Diagnoses of the families (from Einarsson, 1942) are as follows: 


1. In the male the endopodites of the first and second pair of pleopods are not 
transformed into a copulatory organ. The basipodite of the first pair of pleopods in 


Fic. 2. Diagram of euphausiid, illustrating terminology. 1.Cephalothorax. 2. Abdomen. 
3. Carapace. 4. Frontal plate. 5. Rostrum. 6. Eye. 7. First antennal peduncle. 8. Flagella 
of first antenna. 9. Second antennal peduncle. 10. Flagellum of second antenna. 11. Scale 
or squama. 12. Cormopods. 13. Exopodite of cormopod. 14. Endopodite of cormopod. 
15. Gills. 16. Pleopods. 17. Male copulatory organ. 18. Dorsal keel. 19. Dorsal tooth. 
20. Epimera. 21. Telson. 22. Uropods. 


the male carries one to six spines. The endopodite of the maxillula is two-jointed. 
The endopodite of the maxilla is three-jointed. The outer plates of the uropods have 
a transverse suture. Lumineus globules lacking. Eyes imperfectly developed. All 
eight thoracic legs (cormopods) well developed. 

Fam. BENTHEUPHAUSIIDAE Colosi, 1917 


2. In the male the endopodites of the first and second pair of pleopods are 
transformed into a copulatory organ. The basipodites of the first pair of pleopods in 
the male carry no spines. The endopodites of the maxillula and the maxilla are 
single-jointed. The outer plates of the uropods have no transverse suture. Luminous 
globules present. Eyes well developed. The last, or the penultimate and the last, 
pair of thoracic legs (cormopods) rudimentary. 


. Fam. EUPHAUSIIDAE Holt & Tattersall, 1905 
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Family BENTHEUPHAUSIIDAE Colosi, 1917 


BENTHEUPHAUSIA G., O. Sars 
Bentheuphausia G. O. Sars, 1885: 108 (original description) 
Generic characters : 

The eyes are imperfectly developed. The first antennal peduncle is short and 
stout. ‘The antennal flagella are very elongate. All eight pairs of cormopods are well 
developed. There are no luminescent organs present. ‘There are no copulatory organs 
apparent on the first or second pleopods of the male. ‘The outer plates of the uropods 
have a transverse suture. 

There is only one species present in the genus, which is the only genus in the 
family. 

Bentheuphausia amblyops (G. O. Sars), Fig. 3 a-b 
Thysanopoda (?) amblyops G. O. Sars, 1883: 23 (original description) ; 
Bentheuphausia amblyops G. O. Sars, 1885: 108 
Diagnosis : 

The basal segment of the first antennal peduncle is similar in both sexes. In the 
male the two distal segments are a little thicker and the third is a little shorter than 
in the female. In the male the first segment of the flagellum of the first antenna is 
longer than in the female and bears numerous rows of sensory hairs separated longi- 
tudinally by a hairless stripe. In the female there are fewer rows of sensory hairs and 
they are situated on the upper side of the flagellum only. 

In the male the endopodite of the first pleopod is not modified as a copulatory 
organ. However, the ie ini of this pleopod has several spines which are lacking 
in the female. 

There are no lateral denticles on the inferior margin of the carapace but the 
posterior margin is serrated slightly. 


Remarks: The specimen examined was one of three examined by Tattersall 
(1925) and was taken from 1,014 fathoms just off Cape Point. It is a male, although 
all three were stated to be females. The species is bathypelagic and widely distributed. 


Family EUPHAUSIIDAE Holt & Tattersall, 1905 


Key to the genera of the family EUPHAUSIIDAE 


1a. Cormopods nearly uniform in structure. 


2a. Last pair only rudimentary. 
3a. Penultimate pair of same appearance as preceding. 
nae THYSANOPODA, p. 187 
3b. Penultimate pair with distal three segme nts confluent. 
NYICTIPHANES, p. 198 
2b. Seventh and eighth cormopods quite rudimentary. 
4a. Sixth cormopod similar in appearance to fifth. 
EUPHAUSIA, p. 201 
4b. Distal three segments of sixth cormopod greatly reduced. 
. PSEUDEUPHAUSIA, p. 21% 
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Fic. 3 
Bentheuphausia amblyops (G. O. Sars) 
. Adult male (somewhat mutilated) from left side. 
. Front part of carapace and first antennal peduncles from above. 


>A 


Thysanopoda monacantha Ortmann 


Adult male from left side. 
Left copulatory organ unrolled and seen from behind. Processes from left to right— 


spine-shaped, terminal, proximal, lateral. 
P pec P 
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16. Cormopods unequally developed, one of the anterior pairs greatly elongated. 
5a. Second pair of cormopods greatly elongated. 
6a. Second pair of cormopods rather strong, the last two segments armed with spiniform 
bristles on both margins. 
: THYSANOESSA, p. 219 
6b. Second pair of cormopods slender and naked with a tuft of apical bristles. 
- NEMATOSCELIS, p. 222 
56. Third pair of cormopods greatly elongated. 
za. Third pair of cormopods slender and naked with a tuft of apical bristles. 
NEMATOBRACHION, p. 227 
7b. Third pair of cormopods with penultimate segme nt dilated, and usually forming, with 
the last one, a prehensile hand or chela. 
STYLOCHEIRON, p. 230 


THYSANOPODA Milne-Edwards 


Thysanopoda Milne-Edwards, 1830: 454 (original description) ; 
Parathysanopoda Illig, 1909: 225 


Generic characters : 

The rostral shape is variable from species to species, and, with age, within a 
species. The eyes are frequently rather small. 

The first and second antennal flagella are extremely long. 

The main distinguishing characteristic of the genus is the eighth cormopod, 
which lacks an endopodite but has a normal exopodite. ‘The first seven cormopods 
are more or less normal, the seventh being somewhat shorter than the preceding ones, 
and the terminal segments of the first two being rather reduced and extremely setose. 

The male copulatory organs differ considerably according to species. 

Eleven species are recognized and nine of these occur in South African waters, 
generally at considerable depth. Seven of the nine have been recorded from here 
before. One hitherto undescribed species is added to the genus. 


Key to species of THYSANOPODA 


1a. Carapace without any distinct cervical groove. Sixth abdominal segment longer than fifth. 
2a. Lateral denticle(s) present on inferior margin of carapace. 
ga. One or more abdominal segments armed with dorsal spine. 
4a. Dorsal spine on third abdominal segment only, fourth and fifth slightly produced; 
no spine at base of rostrum; single lateral denticle on carapace. 
T. monacantha 
46. Dorsal spines on third, fourth, fifth and sixth abdominal segments: spine at base 
of rostrum; 2 lateral denticles on carapace. . . . «+ J. tricuspidata 
3b. Abdominal segments unarmed. 
5a. Several tecth on outer, lateral margin of lappet at distal end of basal segment of 
first antennal peduncle. . T. aequalis 
56. One tooth on outer, lateral margin of lappet at distal end of basal segment of firs 
antennal peduncle. 
6a. wren ge 4 second peduncular segment covered by lappet of first peduncular 


segm . T. subaequalis 
6b. Less pol 4 second peduncular segment covered by lappet of first peduncular 
segment. . T. obtusifrons 


2b. Lateral denticle lacking on inferior margin of carapace. 
7a. Superior distal margin of lappet on basal segment of first antennal peduncle pectinate. 
. pectinata 
76. Superior distal margin of lappet on basal segment of first antennal peduncle non-pectinate. 
8a. Lappet of basal segment of first antennal peduncle, as seen from the side, acutely 
spiniform at anterior extremity. microphthalma 


188 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


8b. Lappet of basal segment not acutely spiniform. 
ga. Dorsal posterior margin of fourth and fifth abdominal segments very slightly 


acuminate; length of adult 23-38 mm. . . T. orientalis 
gb. Dorsal posterior margin of fourth and fifth abdominal segments non-acuminate ; 
length of adults 35-50 mm. . . . T. acutifrons 
1b. Carapace with well-developed cervical groove; sixth abdominal segment shorter than fifth. 
T. cornuta 


Thysanopoda monacantha Ortmann, Fig. 3 c—d 


Thysanopoda monacantha Ortmann, 1893: 9 (original description); 7. agassizii Ort- 
mann, 1893: 99; 7. lateralis Hansen, 1905: 18; T. ctenophora Illig, 1908: 112 


Diagnosis : 

The basal segment of the first antennal peduncle has a lobe on the upper side 
of the distal end. This lobe is raised at the base and a little more than half as wide 
as the segment. It is produced forward as a triangle over the upper, outer surface 
of the second segment and its apex is prolonged as a spine-shaped process which 
reaches beyond the middle of the second segment. This lobe is setose. The outer 
distal angle of the second segment bears a spine-shaped process reaching to about the 
middle of the third segment. There is a high keel on the inner part of the upper 
surface of the third segment. ‘The scale of the second antenna is broad and reaches to 
about the middle of the third segment of the first antennal peduncle. 

A furrow runs along the carapace just above the lateral margin. There is a 
denticle at the posterior end of the lateral margin. 

The third abdominal segment has an acute tooth on the posterior dorsal margin. 
The fourth and fifth segments are slightly produced. 

Only one specimen was encountered, in the Straits of Mozambique. This was 
a male 25 mm. in length. Judging by the copulatory organs it was still immature, for 
the processes, except for the spine-shaped process, are conical, slender and scarcely 
curved. No additional process was present. This may have been a casual anomaly 
as was noted by Hansen (1912) or it may not have developed yet. 

Length: 25-32 mm. 

Remarks: he species has been recorded previously from South African waters 
by Stebbing (1g10), who referred to it as T. agassizit. It is also found in the Atlantic, 
Pacific and Indian Oceans. 


T hysanopoda ‘tricuspidata Milne-Edwards, Fig. 4 a—6 
Thysanopoda tricuspide Milne-Edwards, 1830: 454 (original description) ; 
‘Thysanopoda tricuspidata Milne-Edwards, 1837: 466 
Diagnosis : 

The basal segment of the first antennal peduncle is produced as a spine-shaped 
process at its upper distal end, and has a single small tooth on its outer distal margin. 
The second segment is long and cylindrical and also ends distally in a sharp process 
above. There is no keel on the third segment. 

There is a long,sharp rostrum on the carapace and at the base of the rostrum is a 
flattened, anteriorly directed spine. The carapace has two lateral denticles on its 
inferior margin. 
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. Adult male from left side. 
. Left copulatory organ unrolled and seen from 


. Adult female from left side. 
Left copulatory organ unrolled and seen from 


hic. 4 
Thysanopoda tricuspidata Milne-Edwards 


behind. Processes from left to right—spine-shaped, 
terminal, proximal, lateral, additional. } 


Thysanopoda aequalis Hansen 


behind. Processes from left to right—terminal (t.p.), 
proximal (p.p.), lateral (l.p.), additional (a.p.) 
attached to median lobe (m.l.), auxiliary lobe (a.1.). 
setiferous lobe (s.1.). 


. Left first antennal peduncle from above. 
. Left first antennal peduncle from left side. 
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The third, fourth, fifth and sixth abdominal segments are armed dorsally with 
well-developed teeth, and the epimera, particularly of the first segment, also carry 
denticles. 

All three processes of the inner lobe of the male copulatory organ are well 
developed. The terminal process is long, slightly curved, with an expanded end, and 
is rather curiously directed upward. The proximal process is expanded distally, with 
a straight outer margin and a convex, crenulated inner one. The median lobe is 
very long and the lateral process is long, slender and curved, with a blunt end. The 
additional process is strongly curved and also has a blunt end. 

Length: 10-20 mm. 

Remarks: he species was found only in the Straits of Mozambique. There is no 
previous South African record. It has a wide distribution in the tropical waters of 
the Atlantic, Pacific and Indian Oceans. 


Thysanopoda aequalis Hansen, Fig. 4 cf 
Thysanopoda aequalis Hansen, 19056: 18 (original description) 
Diagnosis : 

The frontal plate is produced forward with a trough on its upper surface. A low 
keel extends backward from the posterior end of the trough. There is a lateral denticle 
on the carapace behind the midpoint. 

The lobe at the distal end of the basal segment of the first antennal penduncle 
lies over about the proximal half of the second segment. It is setose and ends in a 
strongly convex forward margin which is wider than the base of the lobe. The 
outer margin of the lobe, on the first segment, carries two or three acute teeth. 

The abdominal segments are unarmed dorsally and the epimera are emarginated 
slightly. 

The inner lobe of the copulatory organ of the male lacks a spine-shaped process. 
‘The terminal process is slender and sinuate and ends acutely. The proximal process 
is slender and tapers acutely, and is longer than the terminal. The lateral process is 
long, thick at the base and tapers suddenly to an acute strongly curved end. The 
additional process is strongly curved and acute. 

Length: 15-20 mm, 

Remarks: The species was encountered throughout most of the area, usually 
at depth. It has been reported by Illig (1930). A tropical oceanic form, it has a wide 
distribution in the eastern Atlantic, Pacific and Indian Oceans. 


Thysanopoda subaequalis sp. nov., Fig. 5 a—d 
Diagnosis : 
The frontal plate is thickened and produced forward, but not reaching beyond 
the eyes. It has no rostral process. There is a single lateral denticle on the inferior 
margin of the carapace, behind the midpoint. 


The lobe on the distal end of the basal segment of the first antennal peduncle 
covers more than half the second segment. Its forward margin is concave but 
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Fic. 5 


Thysanopoda subaequalis sp. nov. 


. Adult male from left side. 
. Right copulatory organ unrolled and seen from behind, Processes from left to right— 


additional, lateral, proximal, terminal, spine-shaped. 


. Left first antennal peduncle from above. 
. Left first antennal peduncle from left side. 
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narrower than its base and not as wide as the second segment. It is setose with the 
setae on the vaulted posterior part being considerably longer than the rest. ‘The outer 
distal margin of the basal segment carries a single acute tooth. There are no projec- 
tions on the second segment. The third segment carries distally a short low keel on its 
inner surface. 

The abdominal segments are unarmed dorsally and the epimera are slightly 
emarginated. ‘The sixth abdominal segment is a trifle longer than the fifth. 

The inner lobe of the male copulatory organ carries all three processes. The 
spine-shaped process is small and not hooked, but lies parallel with the other processes. 
The terminal process is slender, tapers to an acute point and is curved slightly about 
the middle. ‘The proximal process is longer than the terminal and considerably more 
sinuate, It tapers gradually until at its distal end it narrows suddenly and ends as a 
short digitiform process. ‘The lateral process is about half the length of the terminal 
and is acutely hooked distally. ‘The additional process has a broad base, is strongly 
curved and ends acutely. 


Length: Adult male, about 18 mm. 


Remarks: This species is closely related to 7. aequalis and T. obtusifrons. The 
frontal plate and first antennal peduncle have points of resemblance to both these 
species. The male copulatory organ closely resembles that of 7. aequalis but possesses 
a spine-shaped process. 

The type-specimen and several others were taken at Discovery station 1576, 
in the Straits of Mozambique (14° 42’ S., 42° 22-2’ E.), at a depth of between 1,100 
and 400 metres. 

British Museum (Natural History) type specimen registered no. 1951.iv.2.1. 


Thysanopoda obtusifrons G. O. Sars, Fig. 6 a-c 
Thysanopoda obtusifrons G. O. Sars, 1883: 21 (original description) 
Diagnosis : 

The frontal plate is produced and obtusely rounded or weakly angular. The 
plate is thickened and the rostrum is reduced to a small conical tooth which may be 
vestigial. ‘There is a small lateral denticle on the inferior margin toward its posterior 
end, and a poorly defined furrow may run along just above the margin. 

The basal segment of the first antennal peduncle is short and thick and carries a 
small spine on its outer distal angle. The lobe on the distal end of this segment is 


hic. 6 
Thysanopoda obtusifrons G. O. Sars 
a. Adult male from left side. 
6. Left copulatory organ from behind. Processes from left to right—additional, lateral, 
proximal, terminal, spine-shaped. 
c. Left first antennal peduncle from above. 


Thysanopoda orientalis Hansen 
d, Adult female from left side. 
e. Lett copulatory organ from behind. Processes from left to right—spine-shaped, ter- 
minal, proximal, lateral. 
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thick and has a nearly vertical outer margin. It covers considerably less than half the 
proximal part of the second segment, and is set with short stiff setae. There is a low 
well-defined keel on the third segment. The scale of the second antenna reaches 
almost to the end of the second segment of the first antenna. 

The abdominal segments are unarmed dorsally, and the second, third and fourth 
epimera are somewhat emarginate. 

The spine-shaped process of the copulatory organ of the male is well developed. 
‘The terminal process is moderately long and slightly curved. Its distal third is com- 
pressed and has the outer margin serrated and the inner margin convex. The proxi- 
mal process has a broad basal portion with a well-developed heel. It is considerably 
curved beyond the middle and tapers somewhat to a truncate end. The lateral 
process is slender and curved distally, while the additional process is moderately 
robust and only a little shorter than the lateral. 

Length: Largest of both sexes 20 mm. 

Remarks: A few specimens were taken from both sides of the continent. There 
is no previous South African record. The species is tropical and subtropical in the 
Atlantic, Indian and South Pacific Oceans. 


Thysanopoda pectinata Ortmann, Fig. 7 h- 


Thysanopoda pectinata Ortmann, 1893: 10 (original description) ; 
Parathysanopoda foliifera Wlig, 1909: 225 


Diagnosis : 

The frontal plate is produced as a triangle with a minute vertical tooth, which is 
the vestigial rostrum, at its apex. ‘The carapace has a longitudinal furrow just above 
the lateral margin but there are no lateral denticles. 

The basal segment of the first antennal peduncle carries a lobe which projects 
forward and covers the major part of the proximal half of the second segment. There 
are strong setae on the vaulted part of this lobe, the posterior ones being longer than 
the anterior. ‘The base of the lobe is about half as wide as the second segment but 
the forward margin is a little wider than the second segment and carries eight to 
thirteen thin spines. The inner, upper part of the distal margin of the second segment 
is produced in a lobe which covers about one-third of the inner, proximal part of 
the third segment. There is a low keel on the third segment. The broad scale of the 
second antenna reaches to about the middle of the third segment of the first antennal 
peduncle. 

The abdominal segments are unarmed dorsally. 

The spine-shaped process of the male copulatory organ is long and thin. The 
terminal process is sub-cylindrical proximally, but flattens and widens to a broadly 
rounded end, about twice as broad as the base. The inner surface of the broad part 
is somewhat concave. The proximal process has a broad basal part with a well- 
defined heel, and curves strongly and tapers. The lateral process is long, slender and 
strongly hooked distally. “The additional process is very broad proximally, but distally 
is slender, strongly curved, and ends acutely. 
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Length: Pacific adults about 29 mm. Largest Atlantic specimen 44 mm. 


Remarks; This form was not present in the material but is reported by Illig (1930) 
who found it in the Benguela Current west of Angra Pequena. It is found in the 
Atlantic, Pacific and Indian Oceans. 


Thysanopoda microphthalma G. O. Sars, Fig. 7 g 


Thysanopoda microphthalma G. O. Sars, 1885: 106 (original description) ; 
T. distinguenda Hansen, 1g05a: 17 


Diagnosis : 

The frontal plate of the carapace is as in 7. acutifrons. There are no lateral 
denticles on the carapace. 

The lobe on the basal segment of the first antennal peduncle, as seen from the 
side, terminates in an acute, spiniform process. This lobe is setose. 


Length: Adults 20-23 mm. 


Remarks: According to Hansen (1910), Sars’ type does not agree with his 
description which was made from another specimen (7. monacantha). ‘The species was 
not present in the material but is reported by IIlig (1930) from 28° 28-8’ S., 6° 13-9’ E. 
This is the only record of the species outside the North Atlantic. 


Thysanopoda orientalis Hansen, Fig. 6 d-e 
Thysanopoda orientalis Hansen, 1910: 85 (original description) 
Diagnosis : 

This species is intermediate between 7. microphthalma and T. acutifrons. The 
frontal plate of the carapace is produced as a triangle, the apical angle being greater 
than a right angle. The rostrum remains as a short tooth directed forward and 
slightly upward. There is no tooth on the lateral margin of the carapace. 

The fourth and fifth abdominal segments are very slightly acuminate at the 
middle of the posterior margin. 

The lobe on the basal segment of the first antennal peduncle, as seen from the 
side, is produced and acuminate, but not spiniform as in 7. microphthalma. 

The spine-shaped process of the male copulatory organ is slender and strongly 
curved. The terminal process is straight, long and strong, with a broadly rounded 
end which is unarmed. The proximal process is not quite twice as long as the terminal, 
and its distal four-fifths is nearly semicircularly curved. The lateral process is long, 
tapering and strongly hooked from its distal fourth. ‘The median lobe ends rather 
acutely, almost with a denticle. 


Length: 23-38 mm. 


Remarks: Only two specimens were encountered in the material, both from the 
Straits of Mozambique. The largest was a female, 25 mm. long. The species has 
been previously reported from both the Atlantic and Pacific Oceans. 
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Thysanopoda acutifrons Holt and Tattersall, Fig. 7 a—-c 
Thysanopoda acutifrons Holt and ‘Vattersall, 1g05: 102 (original description) ; 
T. pectinata Hansen, 19054: 16 (nec Ortmann, 1893: 10, nec Hansen, 19056: 25) 
Diagnosis : 

The frontal plate is triangular, the apical angle being greater than a right angle. 
At the apex is a small, sharp tooth directed obliquely forward and upward. There is 
no lateral denticle on the carapace. 

The abdominal segments are unarmed dorsally. 

The basal segment of the first antennal peduncle bears a small, strong spine on 
its outer distal corner. ‘The lobe from the first segment is roughly triangular and 
extends about one-third of the way along the second segment where it ends acumi- 
nately but not as markedly so as in 7. microphthalma. It is setose dorsally. ‘The second 
segment is longer than the third and the inner part of its anterior margin is produced 
as a rounded lobe without a spine. 

The terminal process of the male copulatory organ is somewhat short. Its distal 
quarter tapers to an acute end and is slightly curved. The proximal process is more 
than twice as long as the terminal and the distal three-quarters is only moderately 
curved. The spine-shaped process is almost straight. The lateral process is about as 
long as the terminal, slender and feebly hooked distally. There is a minute, sharp 
additional process. 

Length: 35-50 mm. 

Remarks: The species occurred in the southern part of the area. It has been 
recorded from South African waters before by Tattersall (1925) and from the 
Pacific (Boden et al, ms.). 


Thysanopoda cornuta Mllig, Fig. 7 d—f 
Thysanopoda cornuta Mig, 1905: 663 (original description) ; 
7. insignis Hansen, 1g05a@: 19 
Diagnosis : 
The carapace is without lateral denticles. There is a deep cervical groove across 


the dorsal part, connected with lateral grooves. There is a small conical process at 


Fic. 7 - 
Thysanopoda acutifrons Holt and ‘Tattersall 


a. Adult female from left side. 
4. Left copulatory organ from behind (after Hansen, 1910). 
c. Front part of carapace and first antennal peduncles from above. 


Thysanopoda cornuta 
d. Vront part of specimen seen from right side (after Ilig, 1930). 
¢. Front part of carapace and first antennal peduncles from above (after Hlig, 1930). 
J. Right copulatory organ from behind (after Illig, 1930). 
Thysanopoda microphthalma G. O. Sars 
g. Front part of specimen seen from left side (after Hansen, 19052). 


Thysanopoda pectinata Ortmann 
A. Front part of specimen from left side (after Hansen, 1912). 
1. Front part of carapace and first antennal peduncles from above (after Hansen, 1912). 
1. Right copulatory organ from behind (after Hansen, 1912). 
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the apex of the frontal plate. At the upper inner corner of the eyestalks there is a 
small tubercle. 

The lobe at the distal end of the basal segment of the first antennal peduncle is 
directed forward along the inner, upper surface of the second segment. It is setose 
only on the vaulted posterior part and it terminates in a short spine. The anterior 
margin of the second segment is concave. 

The abdominal segments are unarmed dorsally, and the sixth is shorter than the 
fifth. 

The spine-shaped process of the male copulatory organ is robust and curved. 
The terminal process and proximal process are about the same length and are almost 
straight. Each dilates slightly before the end and then tapers to an acute point. The 
lateral process on the median lobe is stout and strongly curved. 

Length: Up to 79 mm. 

Remarks: This species was not encountered in the material examined, but the 
type was taken by Illig (1905) in the Benguela Current off Angra Pequena in a haul 
from 4,000 m. The same species was taken by the VALprv1aA Expedition in the same 
locality. It is undoubtedly bathypelagic. 


NYCTIPHANES G. O. Sars 
Nyctiphanes G. O. Sars, 1883: 23 (original description) 
Generic characters : 

A degree of sexual dimorphism is apparent in this genus in the shape of the first 
antennal peduncle. The basal segment carries a prominent reflexed lappet which 
may or may not differ in shape according to sex, while the two following segments are 
considerably stronger and thicker in the male than in the female. The third segment 
is curiously shaped in the male and both the second and third differ, according to sex, 
in the arrangement of setae and processes. 

The endopodite of the seventh cormopod lacks the terminal segments. The 
eighth cormopod is rudimentary, consisting of a minute non-setose process. The 
exopodites of the sixth and seventh cormopods of the female are lacking. 

There is no lateral denticle on the inferior margin of the carapace in the post- 
larval stages. 


Fic. 8 
Nyctiphanes capensis Hansen 
. Adult male from left side. 
. Left copulatory organ from behind. Processes from left to right—spine-shaped, lateral. 
. Right first antennal peduncle from above. 
Left first antennal peduncle from left side. 


Euphausia recurva Hansen 


AA Se 


e. Adult male from left side. 

f. Left copulatory organ from behind. Processes from left to right—terminal, proximal, 
lateral. 

. Terminal end of terminal process, showing secondary process. 

. Left first antennal peduncle of adult male from left side. 

1. Left first antennal peduncle of adult female from left side. 
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The females carry the eggs in egg-sacs. 
There are four species in the genus. Each is neritic in habit, with an extremely 
limited distribution. Only one occurs here. 


Nyctiphanes capensis Hansen, Fig. 8 a—d 
Nyctiphanes capensis Hansen, 1911: 19 (original description); NV. 
australis, Stebbing, 1905: 113; N. australis, Stebbing, 1910: 399 


Diagnosis : 

The frontal plate of the carapace is produced and acute, with raised lateral 
margins, but no rostral process. The eyes are large, spherical and black. There is no 
lateral denticle on the carapace. In sub-adult specimens the frontal plate is truncated. 

The basal segment of the first antennal peduncle bears a slightly reflexed, pointed 
lappet on the upper distal margin. This has a hollow anterior surface and its apex is 
above the inner margin of the peduncle. The outer corner of the basal segment bears 
an acute sub-conical spine, directed forward and outward, and carrying setae. In the 
female the second segment terminates at its upper, inner margin in an acute spine, 
but has no protruding plate. In the male there is neither plate nor spine. In the male 
there is a row of stout spiniform setae at about the middle of the inner margin of the 
curiously curved third segment. These are lacking in the female. 

The spine-shaped process of the male copulatory organ is strong and curved. 
The proximal and terminal processes are lacking. The lateral process is long and 
bends sharply at its acute end. The median lobe is reduced and does not quite reach 
to the middle of the lateral process. 


Length: 12-13 mm. 
Remarks: The species is neritic in habit and the best collections were made in 


the Sturrock Dock in Cape Town. It has been reported off Cape St. Blaize by Steb- 
bing (1905), who identified it as N. australis. It is confined to South African waters. 


EUPHAUSIA Dana 
Euphausia Dana, 1852: 639 (original description) 
Generic characters : 

The rostrum varies greatly from species to species. The eyes are always spherical. 
The first antennal peduncle is similar in both sexes, except in E. recurva and E. tenera. 
The cormopods are all alike in structure except the endopodites of the seventh and 
eighth which are rudimentary in both sexes. The male copulatory organs vary con- 
siderably within the group and constitute excellent specific characters. 

There are twenty-nine valid species in the genus. Twelve of these species were 
encountered in the material examined. Three further species are included in this 
report; E. gibboides and E. pseudogibba have been reported in South African waters 
before (Tattersall, 1925; Illig, 1930), and E. vallentini enters the southern parts of 
the region under consideration (John, 1936). Records of three other identifications 
have been discarded. EF. krohnii (Stebbing, 1910) appears to have been based on a 
record of E. pellucida Dana by Sars (1885). Hansen (1905) has cancelled E. pellucida 
Dana as unrecognizable and shown that E. pellucida Dana sens. Sars (1885) is a 


fe 
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collective species. E. pellucida (pars.) Dana sens. Sars undoubtedly belongs in the 
synonymy of E. krohnu, but which species was actually taken in South African waters 
remains uncertain and the record should be regarded with doubt. Records of FE. 
frigida and E. crystallorophias by Mlig (1930) were based on misidentifications (John, 
1936). We deal therefore with fifteen species herein. 


Key to species of EUPHAUSIA 


1a. Two pairs of lateral denticles on carapace. 
2a. Large reflexed lappet on basal segment of first antennal peduncle 
E. recurva 
2b. Small forward-pointing bifid lappet on basal segment of first antennal peduncle. 
3a. No processes on second segment of first antennal peduncle. 


. E. mutica 
36. One process on second segment. rer 
3c. Two processes on second segment. . . . « E. diomedeae 


1b, One pair of lateral denticles on carapace. 
4a. No dorsal processes on third to fifth abdominal segments. 
5a. No pronounced process on basal segment of first antennal er 


E. tenera 
56. Conspicuous triangular lobe on basal segment, no process on se cond segment. 
5c. Conspicuous bifid lobe on basal segment, two blunt projections at distal end of second 
segment. « « &. similis 


46. Dorsal process on third abdominal segment only. 
6a. Dorsal keel on third segment of first antennal peduncle low and flat above as seen from 
side. Triangular process on first peduncular segment. 
7a. Dorsal process on third abdominal segment about half as long as fourth segment. 
. . E. hemigibba 
76. Dorsal process on third abdominal segment not nearly half as long as fourth segment. 
8a. Keel on third peduncular segment decreasing gradually when seen from side 


almost to upper angle of second segment. . E. paragibba 
8b. Keel on third peduncular segment stops proximally ‘almost vertically at a con- 
siderable distance from second segment. . & pseudogibba 
6b. Dorsal keel on third segment of first antennal peduncle low and flat above as seen from 
side. Bifid process on first peduncular segment. . . E. similis v. armata 
6c. Dorsal keel on third segment of first antennal peduncle high and rounded above as seen 
from side. 
ga. Dorsal keel with prominent tooth on distal margin. . . . . E. gibboides 
gb. Dorsal keel with nearly vertical distal margin. . . « + E, vallentini 


4c. Dorsal processes on third, fourth and fifth abdominal segments. 
10a. Lobe on first peduncular segment bifid; two projections from second segment. 
E. hanseni 
106. Lobe on first peduncular segment with three points; single strong spine on second seg- 


ment. . . « « longirostris 
1oc. Lobe on first peduncular segment with four to six or more points; strong bifid spine on 
second segment. . . . « E. spinifera 


Euphausia recurva Hansen, Fig. 8 e-i 
Euphausia recurva Hansen, 1905: 13 (original description) 
Diagnosis : 

The frontal plate is short, with an acute rostrum. The gastric region of the 
carapace is keeled. 

The basal segment of the first antennal peduncle is armed distally with a 
conspicuous reflexed lappet on the dorsal side. In the male this is a reflexed, hollowed, 
oblong-triangular plate, with its base half as wide as the segment, and its upper end 
acuminate. In the female the plate is slightly recurved or vertical, and double, 
forming two acute, triangular processes with a common base a little more than half 
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as broad as the segment. The forward margin of the second segment is armed dorsally 
with two processes, the inner being long and spiniform and the outer short and conical. 
The third segment carries a high dorsal keel which ends in an acute tooth. 

There is no spine-shaped process to the male copulatory organ. The terminal 
process is long and thick with a well-developed foot and heel. Distally it tapers 
abruptly to an acute curved point, which carries a secondary process on the side of the 
curvature. The proximal process is thick, bent near the thickened base, and terminates 
distally in a flat expanded plate. The lateral process is thick at the base and curves 
to an acute point. + 


Length: 16-20 mm. 


Remarks: The species has been reported here previously by Tattersall (1925), 
who considers that Stebbing’s (1910) reference of E. krohnii may be of this species. 
It is a southern subtropical to temperate form in the Atlantic and Indian Oceans, and 
is widespread in the Pacific. 


Euphausia mutica Hansen, Fig. 9 a—d 
Euphausia mutica Hansen, 1g05b: 14 (partim) (original description) ; 
E. mutica Hansen, 1910: 83 
Diagnosis : 

There is a slender rostrum on the short frontal plate. 

The basal segment of the first antennal peduncle carries a small bifid lappet, half 
as broad as the end of the segment, with its straight, spiniform processes directed 
forward, upward and outward and not curved downward. The second segment has 
no protuberance of any sort on its distal angles. 

The terminal process of the male copulatory organ is long and tapers to an acute 
curved point which carries a secondary spine on its inner, concave surface. The 
proximal process ends distally in an expanded plate, which has a proximal protu- 
berance directed toward the origin of the process and which is rounded distally. The 
median lobe has a characteristic bird’s head appearance with an acute curved beak 
and a thin neck. 


Fic. g 
Euphausia mutica Hansen 
. Adult male from left side. 
. Left copulatory organ from behind. Processes from left to right—lateral, proximal, 
terminal. 


Preanal spine. 
d. Left first antennal peduncle from above. 


Euphausia brevis Hansen 
Adult male from left side. 
Left copulatory organ from behind. Processes from left to right—terminal, proximal, 
lateral. 
. Proximal and terminal processes from side. 
. Right first antennal uncle from above. 
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Length: 11-12 mm. 


Remarks: The species occurs plentifully all over the region. ‘There is no previous 
South African record, but the species is found in the Atlantic, Pacific and Indian 
Oceans. 


Euphausia brevis Hansen, Fig. 9 e-h 
Euphausia brevis Hansen, 19056: 15 (original description) 
Diagnosis : 

The frontal plate is produced and carries a short, narrow rostrum. ‘The gastric 
region of the carapace is vaulted and keeled. 

The lobe on the basal segment of the first antennal peduncle is bifid and directed 
upward and curved in a forward direction. Its inner distal portion is triangular with 
an acute apex, whereas the outer distal portion is spiniform. The common base of 
the two portions is about half as wide as the segment. The second segment carries 
distally a pronounced, forward-directed spine, a little to the inside of the outer margin. 
The third segment carries a keel about half the length of the segment. 

The terminal process of the male copulatory organ is thick with a short, abruptly 
tapering, weakly curved, distal portion. A short secondary spine is inserted at the 
beginning of the taper. The proximal process is inflated at the base and proximal part, 
and rather strongly curved. It ends distally in a rounded oblong plate which is bent 
backward and carries at its base a forward projecting protuberance. The lateral 
process is naked and curved. 

Length: 85-10 mm. 

Remarks: The species was encountered only in the north of the area. There is 
no previous South African record. It is widespread in the tropical and subtropical 
waters of the Atlantic, Pacific and Indian Oceans. 


Euphausia diomedeae Ortmann, Fig. 10 a—c 
Euphausia diomedeae Ortmann, 1894: 102 (original description) 
Diagnosis : 
The frontal plate is usually short and terminates in a slender rostrum. Some- 
times the frontal plate is expanded over the eyestalks. 
The basal segment of the first antennal peduncle bears a bifid lobe with its base 
a little wider than half the end of the segment. The two processes of the lobe are 


< Fic. 10 
Euphausia diomedeae Ortmann 
a. Adult male from left side. 
b. Left copulatory organ from behind. Processes from left to right—terminal, lateral, 
proximal. 
c. Right first antennal peduncle from above. 


Euphausia tenera Hansen 
d. Adult male from left side. 
. Right copulatory organ from behind. Processes from left to right—-proximal, terminal, 
lateral. 
Jf. Right first antennal peduncle from above. 
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directed forward and outward. The second segment is armed distally with two 
processes, the outer blunt and the inner spiniform. There is a short low keel on the 
third segment. 

The terminal process of the male copulatory organ is long and thick and distally 
it tapers rather abruptly to a strongly curved acute point. This bears a short secondary 
spine on the concave side at the beginning of the taper. The proximal process is 
longer than the terminal, its basal third is somewhat inflated, and it curves rather 
strongly to a flattened, distal end. When seen from the side this flat plate looks like 
an acute point. At its base is a pronounced acute tooth, projecting forward. The 
naked lateral process is large and curves to an acute end. 


Length: 12-17.5 mm. 

Remarks; The species was encountered only in the north-east part of the region. 
There is no previous South African record, but the species appears in the Indian, 
Atlantic and Pacific Oceans. 


Euphausia tenera Hansen, Fig. 10 d-f 
Euphausia gracilis G. O. Sars, 1885: 8g (original description) (nec E. gracilis Dana, 1852: 644); 
E. tenera Hansen, 1905: 9 
Diagnosis : 

The rostrum is sharp and pointed and the carapace slightly keeled above. The 
eyes are small, 

The basal segment of the first antennal peduncle of the male bears several strong 
curved setae but no lobes or processes. In the female there are no setae but the upper 
terminal margin has a small, flat process directed upward and visible from the side. 
The second segment of the male is distally produced as a large, thin lobe covering a 
considerable portion of the third segment. This lobe is smaller in the female and 
terminates in an angle. 

The foot and heel of the terminal process of the male copulatory organ are well 
developed. The process is rather short and tapers to an acute, curved and naked end. 
The proximal process is longer than the terminal, considerably curved and basally 
inflated. It ends distally as a comb, with about four spiniform teeth, from the upper 
angle of which projects a curved, bifid hook with a small denticle on its concave 


11 + 
Euphausia lucens Hansen 
a. Adult female from left side. 
6. Left copulatory organ from behind. Processes from left to right—terminal, proximal, 
lateral. 
c. Left first antennal peduncle from the side. 


Euphausia hemigibba Hansen 
. Adult female from left side. 
Left first antennal peduncle from left side. 
Preanal spine. 
. Median dorsal spine on third abdominal segment. 
Left copulatory organ from behind, Processes from left to right—terminal, proximal, 
lateral. 
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margin. The lateral process is hooked distally and carries a sharp tooth on its convex 
margin just beyond the curvature. 


Length: 8-9 mm. 


Remarks; The species was found in all but the southernmost part of the region. 
It has been reported from here previously by Tattersall (1925) and occurs in the 
upper layers of the tropical and subtropical belts of the Atlantic, Pacific and Indian 
Oceans. 


Euphausia lucens Hansen, Fig. 11 a-c 


Euphausia splendens Dana sens. Sars, 1885: 80; E. lucens Hansen, 
19056: g (original description); £. uncinata Colosi, 1917: 186 


Diagnosis : 

The frontal plate is produced as a low triangle, broader than long; rostrum 
sometimes rudimentary. 

The lobe on the distal end of the basal segment of the first antennal peduncle is 
conspicuous and triangular, about as broad as long, and acute or subacute, with no 
spiniform processes. It projects forward and slightly upward. The second segment 
is a little shorter than the third. The third segment carries a low keel over most of 
its length. 

The terminal process of the male copulatory organ is slender and usually longer 
than the median lobe. At its distal end it is expanded and bifurcate, the inner ramus 
being broader and longer than the outer. The proximal process is shorter than the 
terminal and ends distally in two membranous expansions, the forward of which is 
a little smaller than the posterior one. On the outer side of the process, just before 
the membranous expansions, is a strong secondary spine. The lateral process is 
robust and strongly curved at its acute end. It is armed with a secondary tooth on 
the outside of the curve. 

Length: 10-18 mm. 

Remarks: The species was found in the south-west of the region. It has been 


reported previously from South Africa by Stebbing (1910) and Tattersall (1925), and 
occurs in the southern temperate waters of the Atlantic, Pacific and Indian Oceans. 


Euphausia similis G. O. Sars, Fig. 12 a—d 
Euphausia similis G. O. Sars, 1885: 79 (original description) 
Diagnosis : 

The rostrum is strong and sharp, with a keel which runs backward over the front 
part of the carapace. The front part of the carapace projects obtusely on either side 
over the eyes. 

The lobe on the inner side of the forward margin of the basal segment of the first 
antennal peduncle is bifid and projects forward and upward. The inner process is 
the longer and curves outward. There are two projections on the terminal margin of 
the second segment, the inner being the longer and sharper. The third segment 
carries a keel dorsally, with an oblique forward margin. 
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Euphausia similis G. O. Sars 
. Adult female from left side. = Qo.25mm 
. Left copulatory organ from behind. Processes from 
left to right—terminal, lateral, proximal. 
. Structure at tip of terminal process. 
. Left first antennal peduncle from left side. 


Euphausia similis var. armata Hansen 
. Dorsal spine on third abdominal segment. 
. Left copulatory organ from behind (after John, 1936). 
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‘The first and second abdominal segments may have their mid-dorsal margins 
produced slightly as rounded projections. 

The terminal process of the male copulatory organ is long and straight and tapers 
to the sharp curved end. On the inner forward side just before the end is a blunt, 
complicated projection. The proximal process is bent distally almost at a right angle 
and expanded into a membranous plate. The process has a wide base with an angle 
on the outer margin at the widest part. The tapering lateral process is naked and 
strongly curved. There is a small additional process on the median lobe. 


Length: 19-33 mm. 


E. similis var. armata Hansen, Fig. 12 e-f 


E. similis var. armata Hansen, 1911; 24 (original description) ; 
E. similis var. lobata Zimmer, 1914: 425 


Diagnosis : 

This variety is differentiated by having a spine-shaped or rounded process on the 
third abdominal segment. 

The proximal process of the male copulatory organ is longer, relative to the 
terminal process, than in the parent species. The terminal process has a shorter, 
thicker shaft with a heavier distal end, and a more complicated projection at the end. 
The proximal process lacks the definite angle on the outer margin of its widest part. 


Remarks: The species was found in the Atlantic part of the region. It has 
frequently been recorded from South African waters (Ortmann, 1893; Hansen, 1911; 
Zimmer, 1914; Tattersall, 1924). It is essentially subantarctic and subtropical. In 
the Atlantic it extends no farther north than some distance into the subtropical, but 
in the Indian and Pacific Oceans it has been reported from the tropical zone. The 
variety armata appears with the species in the warmer part of the subantarctic and 
colder part of the subtropical. The variety crassirostris Hansen (1910: 94) has not 
been included. It was not encountered in this survey, nor did John (1936) find it in 
the vast amount of material examined by him. The variety may have been founded 


on deformed specimens. 


Euphausia hemigibba Hansen, Fig. 11 d-A 
Euphausia hemigibba Hansen, 1910: 100 (original description) ; 
E. pseudogibba Ortmantt, 1905: 965 (nec Ortmann, 1893: 12) (misidentification) 
Diagnosts : 

The frontal plate is short with a triangular, slender and acute rostrum. The 
median keel on the gastric part of the carapace is well developed. The eyes are 
spherical and small. 

The distal end of the basal segment of the first antennal peduncle is produced as 
an acute tooth-like projection directed forward, upward and outward. It is about 
half as broad as the segment. There is a small, sharp tooth on the inner angle of the 
distal margin of the second segment. 

The dorsal process on the third abdominal segment is at least half as long as the 


fourth segment. 
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The heel of the terminal process of the male copulatory organ is extremely long. 
The distal third of the process is compressed and ends in a triangular, curved hook 
with a little curved spine at its base. The proximal process is longer than the terminal, 
somewhat curved, and ends with its terminal one-fifth being shaped as a broad, 
oblong, oblique plate with its inner margin finely serrated. The lateral process is 
slender, hooked and naked. 


Length: 12-16-5 mm. 


Remarks: The species occurs over most of the area, except in the south, and has 
no previous South African record. It is mainly oceanic and is to be found in the 
tropical and subtropical waters of all the oceans. 


Euphausia paragibba Hansen, Fig. 13 a-c 
Euphausia paragibba Hansen, 1910: 100 (original description) 
Diagnosis : 

The frontal plate, rostrum, and eyes are the same as in E. pseudogibba. 

The first antennal peduncle is also similar except for the keel on the third segment. 
Proximally this reaches a little nearer to the end of the second segment and decreases 
gradually instead of ending abruptly. 

The dorsal process on the third abdominal segment is short. 

The terminal process of the male copulatory organ is rather like that of E. hemi- 
gibba, but the part beyond the lateral spiniform tooth is long, tapering and curved, 
and not compressed at all. The proximal process is a little longer than the terminal, 
curved at the middle and tapers therefrom to an acute, rather curved end. The ter- 
minal part of the median lobe is dilated and oval. The lateral process is strongly 
curved and proximally dilated. Its distal one-third is suddenly acute and three acute 
teeth are situated on the outer margin at the beginning of the taper. 


Length: 14-17 mm. 


Remarks: The species occurred on both sides of the continent. There is no 
previous South African record. It is to be found in the Pacific, Atlantic and Indian 
Oceans. 


Euphausia pseudogibba Ortmann, Fig. 15 df 
Euphausia pseudogibba Ortmann, 1893: 12 (original description) 
Diagnosis : 

The frontal plate is short, with a very acute rostrum. 

The lobe at the distal end of the basal segment of the first antennal peduncle is 
triangular with an acute apex directed forward, upward and outward. The base is 
about one-half the width of the segment and it is not quite as long as broad. The 
second segment of the peduncle has a small, sharp tooth on the distal inner angle. 
The keel on the distal surface of the third segment ends rather suddenly and almost 
vertically at some distance from the distal end of the second segment. 

The dorsal process on the third abdominal segment is very acute and short. 
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The terminal process of the male copulatory organ has a moderately long heel, 
and is not very long itself. It is bifurcate distally with the inner ramus being curved 
and longer than the outer spiniform one. The proximal process is considerably 
longer than the terminal one and has an inflated base. It is slender and a little sinuate 
and the distal part is compressed and nearly semicircularly curved. The lateral 
process is strong, proximally thick, and distally curved. 


Length: 13-15 mm. 


Remarks: This species was not present in the material examined but has been 
reported from the western part of the region by Illig (1930). It is apparently confined 
to the Atlantic. 


Euphausia gibboides Ortmann, Fig. 13 d-¢ 
Euphausia gibboides Ortmann, 1893: 12 (original description) 
Diagnosis : 

The frontal plate of the carapace is short and carries a rostrum which is broad 
basally but spiniform distally. There is a conspicuous keel on the gastric region. 

The eyes are large and spherical. 

The basal segment of the first antennal peduncle is produced at its distal margin 
into a long lobe which is directed forward and upward for the first half of its length, 
after which it tapers abruptly and bends sharply outward. The distal end of the 
second segment projects as a lobe over the proximal end of the third segment. The 
third segment carries dorsally a high keel with an acute tooth on its dorsal, distal edge. 

The third abdominal segment is armed dorsally with a short tooth. 

The terminal process of the male copulatory organ has a short, thick heel. The 
process is long and slender, slightly curved, and tapers to an acute end. The proximal 
process is rather inflated basally and then is slender and curved until it reaches the 
broad, oblong, distally rounded plate at its end. This plate has a long, slender tooth 
at its base. The lateral process is thick at the base and considerably curved. The 
median lobe has a characteristic, small, conical protuberance on its inner side. 


Length: 22-7 mm. 


Remarks: The species was not present in the material but it is included on the 
basis of Tattersall’s (1925) reference. It has previously been reported from the 
temperate and tropical zones of the Atlantic and Pacific. 


- Fic. 13 
Euphausia paragibba Hansen 
. Adult male from left side. 
. Left copulatory organ from behind. Processes from left to right—terminal, proximal, 
lateral. 
c. Left first antennal peduncle from left side. 


Euphausia gibboides Ortmann 
d. Adult male from left side. 
: — copulatory organ from behind. Processes from left to right—terminal, proximal, 
ateral. 
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. Adult female from left side. 
. Left copulatory organ from behind (after John, 1936) 
. Left first antennal peduncle from above. 


. Adult female froim left side. 
. Left copulatory organ from behind. Processes from 
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Fic. 14 
Euphausia hanseni Zimmer 


Euphansia longirostris Hansen 


left to right—terminal, proximal, additional, lateral. 


- Right first antennai peduncle from above. 
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Euphausia vallentin Stebbing, Fig. 15 ¢-] 


Euphausia vallentini Stebbing, 1900: 545 (original description); /. splen- 
dens (partim) G. O. Sars, 1885: 80; E. patachonica Colosi, 1917: 187 


Diagnosts : 

The rostrum is a short, sharp triangle, a little longer than broad, 

The basal segment of the first antennal peduncle bears a large, broad, rounded 
lobe projecting horizontally above the second segment. In larger specimens there is 
a rounded tooth-like projection at the inner and outer distal corners of the second 
segment. There is a high dorsal keel on the third segment. As seen from the side this 
is rounded above and nearly vertical in front. 

The proximal process of the male copulatory organ is longer and heavier than 
the terminal. It has two membranous expansions, more or less equal in size. The 
foremost is striated. There is a wide secondary spine at the beginning of the two expan- 
sions. The terminal process is bifurcate with the inner ramus a little stronger but 
about the same length as the outer. The lateral process is strongly curved and on the 
curve it carries a strong tooth. In the axil of that tooth on the hinder side there is a 
tiny projection. 


Length: 15-25 mm. 


Remarks: The species does not occur in the collection but has been reported 
from the south-west of the Cape by John (1936). It is found in the Atlantic, Pacific 
and Indian Oceans, but appears to be purely subantarctic and is carried into the 
subtropical or Antarctic only under exceptional circumstances. 


Euphausia hansen’ Zimmer, Fig. 14 a-c 
Euphausia hanseni Zimmer, 1915: 180 (original description) 
Diagnosis : 

The rostrum is strong and sometimes reaches beyond the front of the eyes. The 
carapace is strongly keeled along the gastric region. There is a post-ocular spine on 
either side of the anterior margin of the carapace. There is an hepatic spine borne 
on a low mound on either side of the carapace, near the front. There is a single pair 
of lateral denticles on the lower margin. 

The lobe on the distal end of the basal segment of the first antennal peduncle 
projects forward and upward, but not outward. Its forward margin is concave and 
there are thus two sharp, equal points. On the inner side of the second segment is a 
low keel which ends distally in a sharp point. 

There are dorsal spines on the third, fourth and fifth abdominal segments. 

The terminal process of the male copulatory organ has a heavy foot and large 
heel. The shaft is nearly straight and bifurcates near the end into a short, blunt part 
and a longer flat blade-like part. The basal part of the proximal process is heavy and 
rounded. The distal part is expanded into a flat, deeply incised, quadrangular plate. 
The distal margin of the plate, above the incision, is crenated. The lateral process 
is naked and hook-shaped. There is a minute additional process, 
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Length: 19-27 mm. 

Remarks: The species was found in the western part of the region. There is no 
previous South African record other than John (1936), who found it off Benguela. 
It has never been reported from anywhere but the eastern Atlantic, off the African 
coast. 


Euphausia longirostris Hansen, Fig. 14 df 
Euphausia longirostris Hansen, 1908: 4 (original description) (nec 
E. longirostris Illig, 1930: 504) (misidentification of larval forms) 


Diagnosis : 

The rostrum is strong and frequently reaches to the distal end of the first segment 
of the first antennal peduncle. The gastric region of the carapace carries a strong 
median keel with a pronounced crest. There are strong post-ocular spines behind the 
eyes. There are no hepatic spines but the low mounds are present on either side. 
There is a longitudinal furrow above the lateral margin of the carapace, and this ends 
in a strong denticle. 

The lobe on the distal end of the basal segment of the first antennal peduncle is 
bifid and the outer spine usually carries a small, third spine on its outer margin. 
The second spine is armed on its forward margin in the middle with a single strong 
spine. The dorsal keel on the third segment is strong and high. 

The third, fourth and fifth abdominal segments have dorsal spines. Their pos- 
terior margins are deeply incised. 

The terminal process of the male copulatory organ is bent inward above the 
heavy base. Near the blunt distal end a short, digitiform process arises. Distally the 
proximal process is feebly bent inward and ends in a large membranous expansion 
which curls backward and upward. The lateral process is hooked and carries a small 
additional process on the curve. There is a small additional process on the median 
lobe. 

Length: 20-34 mm. 

Remarks: The species was taken in the south of the region and has been reported 
from here before by John (1936). It is purely subantarctic and is rarely encountered 
north of the subtropical convergence and has never been taken from the Antarctic. 

Fic. 15 
Euphausia spinifera G. O. Sars 
a. Adult female from left side. 
6. Left copulatory organ from behind. Processes from. eft to right—terminal, proximal, 


lateral, additional. 
c. Right first antennal peduncle from above. 
Euphausia pseudogibba Ortmann 
d. Left first antennal peduncle from left side (after Hansen, 1910). 
e. Posterior segments of abdomen (after Hansen, 1910). 
Jf. Left copulatory organ from behind (after Hansen, 1910). 
Euphausia vallentini Stebbing 
. Front part of carapace and basal segment of first antennal peduncle from above (after 
John, 1936). 
. Left first antennai peduncle from left side (after John, 1936). 
Dorsal process of third abdominal segment (after John, 1936). 
. Left copulatory organ from behind (after John, 1936). 
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Euphausia spinfera G. O. Sars, Fig. 15 a-c 
Euphausia spinifera G. O. Sars, 1885: 93 (original description); E. schotti Ort- 
mann, 1893: 13 (larval); E. longirostris Ulig, 1930: 504 (larval and post-larval) 
Diagnosis : 

The rostrum is strong but does not reach the distal end of the basal segment of 
the first antennal peduncle. The gastric region of the carapace carries a median keel 
with a small notched crest. There are two post-ocular spines and two small, blunt 
hepatic spines. There is a lateral denticle set at the end of a longitudinal furrow just 
above the inferior margin of the carapace. 

The lobe at the distal end of the basal segment of the first antennal peduncle is 
wider than the second segment and carries four to six or more spines distally. A 
strong, bifid spine projects from the middle of the forward margin of the second 
segment. There is also a low keel on the second segment. The third segment carries 
a high keel. 

There is a large dorsal process on the third abdominal segment and smaller ones 
on the fourth and fifth. The posterior margins of these three segments are deeply 
incised. 

The terminal process of the male copulatory organ carries a small process just 
where the distal portion curves to a sub-acute point. The proximal process tapers 
from a wide base, bends rather sharply inward and expands distally to a large mem- 
branous plate which curls backward and upward. The lateral process is hooked and 
usually naked, but it may carry a secondary spine. There is a minute additional 
process on the median lobe. 

Length: 21-29 mm. 

Remarks; The species was taken from both sides of the Cape. It has been pre- 
viously reported in South African waters by Tattersall (1925), and is confined to the 
subtropical zones of all the oceans. 


PSEUDEUPHAUSIA Hansen 
Pseudeuphausia Hansen, 1g10: 103 (original description) 
Generic characters : 

The genus is closely allied to Euphausia. There is no rostrum but the carapace is 
produced as a long frontal plate which ends in a broad transverse or slightly concave 
margin. There is a small lateral denticle on the posterior portion of the inferior 
margin of the carapace. 

In the male the three distal segments of the sixth cormopod are together about 
half as long as those of the fifth cormopod. In the female the third and fourth segments 
of the sixth cormopod are strongly curved and the three terminal segments are 
together only about half as long as the terminal segment of the fifth cormopod. 

The copulatory organs of the male differ considerably from those of Euphausia. 
There are three small spine-shaped processes on the inner lobe; a large leaf-shaped 
plate replaces the lateral process of the median lobe; there is no auxiliary lobe and 
the setiferous lobe is naked. A few tiny hooks appear on the basal part of the median 
lobe. The two ovisacs of the female are fused, There is only one species in the genus. 
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Pseudeuphausia latifrons (G. O. Sars) Hansen, Fig. 22 g-) 


Euphausia latifrons G. O. Sars, 1883: 19 (original description) ; 
Pseudeuphausia latifrons Hansen, 1910: 103 


Diagnosis : 

The frontal plate is produced with the lateral margins a little concave. The 
forward margin is truncated or slightly concave and its surface is concave longi- 
tudinally. 

The basal segment of the first antennal peduncle carries a pectinate keel which 
runs obliquely from before the end of the inner margin to the outer distal corner. 
It carries about nine or ten spines. Just before the terminal margin of the second 
segment a close curved row of stiff setae arises. These bend downward in a forward 
direction and converge at about the midpoint of the third segment. 

The male copulatory organ has been dealt with in the generic description. 


Length: 8-5-9 mm. 
Remarks: The species was not present in the material examined. It has been 


reported from here by Stebbing (1905), and has previously been reported from the 
Atlantic, Pacific and Indian Oceans. 


THYSANOESSA Brandt 


Thysanoéssa Brandt, 1851: 128 (original description) ; 
Rhoda Sim, 1872: 186; Boreophausia G. O. Sars, 1885: 13 


Generic characters : 


The rostrum is always considerably produced. The eyes are higher than broad 
and constricted transversely; sometimes they are nearly circular. The flagella of 
the first antennae are short. The two distal segments of the first antennal peduncle 
are more slender in the female. 

The first six cormopods are fully developed and the second pair is frequently 
elongate and thick, bearing strong spines along both margins of the two terminal 
segments. The endopodite of the seventh cormopod is lacking in the males, but is 
present in the females, in which it has either one or two segments and is about the 
same length as the exopodite. The endopodite of the eighth cormopod is absent in 
both sexes: the exopodite is represented by a small styliform process. 

The spine-shaped process of the inner lobe of the male copulatory organ is thin 
and curved: the proximal, terminal and lateral processes are well developed. The 
additional process is usually absent, or poorly developed. 

Two species were present in the material examined. Illig’s (1930) record of 
T. macrura from the region is discarded as doubtful. Rustadt (1934) has shown it to 
be well out of its normal habitat and recorded with E. frigida which John (1936) has 
shown to be a misidentification. 

The two species reported herein, 7. gregaria and T. parva, can be separated by 
the copulatory organs of the males. The setae on the lower margins of the fifth and 
sixth segments of the second to the fifth cormopods are also reliable specific criteria. 
In 7. parva these are thin, naked and much shorter than the terminal seta of the 
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seventh segment, whereas in 7. gregaria they are strong, ciliated and as long or longer 
than the terminal seta of the seventh segment. 


Thysanoéssa gregaria G. O. Sars, Fig. 16 a-d 
Thysanoéssa gregaria G. O. Sars, 1883: 26 (original description) 
Diagnosis : 

The rostrum is large, triangular and acute. There is a lateral denticle on the 
carapace behind the middle of the inferior margin. The very large eyes have a trans- 
verse constriction separating the narrow upper part from the broader lower part. 

The basal segment of the first antennal peduncle is about as long as the other two 
combined and is produced somewhat dorsally. The remaining two segments are 
slender and cylindrical. The flagella are extremely short. 

The second cormopod is remarkably long. 

The abdominal segments are unarmed. 

The spine-shaped process of the male copulatory organ is small, slender, and not 
very strongly curved. The terminal process is broad at the base, curves slightly at the 
first one-third of its length and then maintains the same breadth until it expands 
somewhat to a broad, truncate, delicately serrate edge. The proximal process is 
longer and more slender than the terminal. It ends distally as a triangular, wing-like 
expansion serrated along its distal margin. Projecting from this expansion is a short 
sub-acute process with teeth along the outer margin. The lateral process is long and 
slightly curved. Its level of insertion is considerably distal to that of the proximal 
process. 


Length: 12-18 mm. 


Remarks: The species occurred throughout the region, except in the very south. 
It was originally reported from the Cape of Good Hope by Sars (1883), and is found 
in the temperate regions of all the oceans and at depth in the tropical seas. 


Thysanoéssa parva Hansen, Fig. 16 e-g 
Thysanoéssa parva Hansen, 19054: 25 (original description) 
Diagnosis : 
The species is closely related to 7. gregaria but is smaller. 
The upper part of the eye is smaller, relative to the lower, than in T. gregaria. 


Fic. 16 > 
Thysanoéssa gregaria G. O. Sars 
a. Adult female from left side. 
4. Left copulatory organ from behind. Processes from left to right—spine-shaped, 
terminal, proximal, lateral. 
c. Terminal segments (propodus and dactylus) of elongated second cormopod, traced 
from photomicrograph. 
d, Preanal spine. 


Thysanoéssa parva Hansen 
. Adult female from left side. 
. Left copulatory organ from behind. Processes from left to right—spine-shaped, ter- 
minal, proximal, lateral. 
g. Terminal segments of second cormopod. 


Swe 


. 


EUPHAUSIID CRUSTACEANS OF SOUTHERN AFRICAN WATERS 221 


| 5-0 mm 


1 
f 

\ 
0-25mm 0-S5mm \ 
2 


222 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


The peduncle of the first antenna is comparatively longer and more slender. 

The elongate second pair of cormopods is more slender than in 7. gregaria and 
shows differences in the setae. The setae on the lower margin of the sixth segment are 
slender and about half the length of the terminal seta of the ultimate segment. The 
setae along the upper margin are thin and short and fewer in number than on the 
lower margin. In 7. gregaria the setae along the lower margin of the sixth segment 
are strong and as long as, or longer than, the terminal seta of the seventh segment. 
Those on the upper margin are also strong and as numerous as those on the lower 
margin. ‘The setae on the corresponding segments of the third to fifth cormopods 
show the same characters, and in 7. gregaria they are ciliated, whereas in T. parva 
they are naked. 

The terminal process of the male copulatory organ is the same breadth from the 
middle to the feebly convex, scarcely serrate end. The proximal process is obliquely 
truncated at the distal end and the inner angle carries a small tooth. The end and 
the tooth are non-serrated. The spine-shaped process is slender and strongly curved 
and the lateral process is strong but moderately curved. 


Length: g-10 mm. 


Remarks: The species was taken in the north-west of the region. It has been 
previously reported by Illig (1930), and seems to be confined to the temperate 
Atlantic. 


NEMATOSCELIS G. O. Sars 
Nematoscelis G. O. Sars, 1883: 7 (original description) 
Generic characters : 

The eyes are large and transversely constricted. The first antennal peduncles 
are long and slender in the female, short and stout in the male. The first pair of 
cormopods have the terminal segment flattened and pectinate in appearance. The 
second pair of cormopods is greatly elongated. There are bristles on only the terminal 
segment or the terminal segment and the distal end of the preceding one. ‘There is 
no endopodite to the seventh cormopod of the male, and it is only two-jointed in the 
female. Both sexes possess an exopodite. The eighth cormopod is quite rudimentary. 

All three processes are present on the inner lobe of the copulatory organ of the 
male. There is no additional process on the median lobe and the lateral is not hooked. 

Three species were encountered in the survey. | 


Fic. 17 ~» 
Nematoscelis megalops G. O. Sars 
a. Adult female from left side. 
b. Left copulatory organ from behind. Processes from left to right—spine-shaped, ter- 
minal, proximal, lateral. 
c. Terminal segments of second cormopod. 


Nematoscelis tenella G. O. Sars 
d. Adult female from left side. 
. Left copulatory organ from behind. Processes from left to right—spine-shaped, ter- 
minal, proximal, lateral. 
Jf. Terminal segment of second cormopod. 
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Key to species of Nematoscelis 


1a. Second pair of cormopods with long spines from terminal segment and from distal end of preceding 
segment. Third to sixth cormopods with three segments beyond knee. . . . « NV. megalops 
1b. Second pair of cormopods with long spines from terminal segment only. Third and fourth cormo- 
pods with only two segments beyond knee and fifth and sixth with only one. 
2a. Lower part of eye considerably smaller than upper. 
2b. Lower part of eye considerably larger than upper. 


Nematoscelis megalops G. O. Sars, Fig. 17 a-c 
Nematoscelis megalops G. O. Sars, 1885: 127 (original description) 


Diagnosis : 
si The rostrum is variable in shape. In the female it is usually long and slender; 
ie in the male it is usually slender but sometimes lacking completely. The keel from 


the rostrum extends backward over the gastric region of the carapace. There are no 
lateral denticles on the inferior margin of the carapace. 

The eyes are about three-quarters as broad as high and are transversely con- 
stricted, but the upper part is not noticeably smaller than the lower. 

There are no projections or lobes on any of the segments of the first antennal 
peduncle. 

There are bristles on the distal end of the penultimate segment of the elongated 
second cormopod. The third to sixth cormopods have all three segments beyond the 
knee. 

The proximal part of the terminal process of the male copulatory organ is 
directed outward, and then the process is abruptly bent so that the slender distal part 
is curved. The concave margin of this part, in fully adult specimens, is serrated from 
the curve to the end with about 40 to 50 teeth. The proximal process is shorter than 
the terminal and its distal part is slender, straight, and finally serrate along the outer 
margin. The serrated part is a little less than half the length of the margin. The distal 
end of the proximal process reaches to about the middle of the serrated part of the 
terminal process. The spine-shaped process is slender and reaches to about the 
bend of the terminal process. The lateral process is sinuate and is also serrated on 
its outer margin. 


Length: 20-26 mm. 


Remarks: ‘This species is closely allied to N. diffictlis Hansen. Hansen (1911) 
separated the two on rather small differences in the male copulatory organs. Females 
of the two species are inseparable and sub-adult males are extremely difficult to 


Fic. 18 > 


Nematoscelis microps G. O. Sars 
. Adult male from left side. 
. Right copulatory organ from behind. Processes from left to right—lateral, proximal, 
terminal, spine-shaped. 
c. Terminal segment of second cormopod. 


Nematobrachion boopis Calman 


d. Adult female from !eft side. 
. Left copulatory organ from behind (after Calman, 1905). 
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separate. Einarsson (1942) has cancelled N. difficilis on the grounds that the female 
spermatheca is identical in both species. He had had no opportunity of examining the 
adult males of N. difficilis. Opportunity has been granted me of examining numerous 
adult males of both N. megalops and N. difficilis. It is my opinion that the differences 
enumerated by Hansen are real and that the forms are separable on these grounds. 
In view of Finarsson’s findings it is difficult to be sure whether the differences in the 
males warrant full specific status for N. difficilis or whether it is a variety of N. megalops. 
As this is largely a matter of opinion it is perhaps better to leave N. difficilis as a full 
species as described by Hansen. 

N. megalops occurred commonly throughout the region. It has been previously 
reported by Tattersall (1925), and occurs in the Atlantic and Indian Oceans but not 


in the Pacific. 


Nematoscelis tenella G. O. Sars, Fig. 17 df 


Nematoscelis tenella G. O. Sars, 1883: 28 (original description) ; 
N. mantis Chun, 1896: 165 


Dtagnosts : 

The rostrum is fairly short and oblong-triangular. There is a lateral denticle 
present on the inferior margin of the carapace of the male which is lacking in the 
female (except in sub-adults). 

The eyes are dark brown to black with a lighter transverse band. The upper 
section is considerably larger than the lower. 

There are seven spines on the terminal segment of the elongated third cormopod 
and none on the subterminal segment. 

The spine-shaped and terminal processes of the male copulatory organ are 
greatly reduced, the terminal process being shorter than the spine-shaped. The 
proximal process is long, strong, and straight, with a number of strong saw-teeth on 
the outer margin near the distal rounded end. The lateral process is about the same 
length as the proximal and its rounded oblique end carries numerous fine incisions 
with the margin between them rounded. 


Length: 15-21 mm. 

Remarks: The species was taken from the south and the east of the region. It 
has been reported from South African waters by Illig (1930). It is mainly subtropical 
and occurs in the Atlantic, Pacific and Indian Oceans. 


Nematoscelis microps G. O. Sars, Fig. 18 a-c 


Nematoscelis microps G. O. Sars, 1883: 28 (original description) ; 
N. rostrata G. O. Sars, 1885: 135 (sub-adults) 


Diagnosis : 
The rostrum is usually short in the male and long and acute in the female. The 
lateral denticle on the inferior margin of the carapace is present in the adult male, 


absent in the adult female. 
The eyes are large, transversely constricted and have the upper section smaller 


than the lower. 
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The terminal segment of the elongated third cormopod carries seven serrated 
spines. 

The spine-shaped process of the male copulatory organ is extremely long, usually 
longer than the terminal. The terminal process is slender, straight and tapers to a 
rounded end. The proximal process is longer than the terminal, rather thick and 
straight, with a broadly obtuse end and no teeth. The lateral process is like the 
proximal but much shorter and sub-acute. 

Length: 15-20 mm. 

Remarks: Originally described by Sars from south of the Cape of Good Hope, 


the species was found throughout the area under consideration. It has been taken 
from the Atlantic, Pacific and Indian Oceans. 


NEMATOBRACHION Calman 


Nematodactylus Calman, 1896: 16 (original description) ; 
Nematobrachion Calman, 1905: 153 


Generic characters : 

The carapace has a cervical groove and is with or without a lateral denticle. 

The large eyes have the lower section smaller than the upper. 

The first antennal peduncle is robust and similar in both sexes: the flagella are 
long and slender. 

The second cormopod is a little longer than the first. Its terminal segment is 
widened and has short stiff setae. The third cormopod is extremely long. The meral 
segment is curiously bent at the proximal end and the dactylus is elongated and 
armed with long serrated spines. The seventh cormopod is fully developed but short 
and the eighth is rudimentary. 

The male copulatory organ is armed with five well-developed processes. 

Two species occur in the survey and are readily separable. N. bodpis has no 
rostrum, no lateral denticle on the carapace, and no dorsal process on the abdomen, 
whereas N. flexipes has all these characters. 


Nematobrachion boépis Calman, Fig. 18 


Nematodactylus boépis Calman, 1896: 17 (original description) ; 
Nematobrachion boépis Calman, 1905: 153 


Diagnosis : 

The frontal plate is obtuse and scarcely produced and lacks a rostrum. It is 
slightly keeled. There is a cervical groove on the dorsal part of the carapace. The 
carapace has no lateral denticle. 

The very large eye is not constricted but is divided into a large upper and smaller 
lower part by a light-coloured groove running part of the way around the eye. 

The basal segment of the first antennal peduncle carries a rounded lobe distally 
which projects high above the second segment. It has no spines or processes. The 
second segment is distally vaulted and projects over the third as a feebly angular lobe. 
The third has a low, short keel. 
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The spine-shaped process of the male copulatory organ is small and well curved. 


The terminal process has a broad base, a narrow middle and then expands consider- 
ably into a large flat plate which may or may not be emarginate distally. The proxi- 
mal process has a thick base with a small conical protuberance, and is then very 
long, slender and strongly curved to an acute hooked point. The lateral process is 
slender with a short, curved distal portion. The additional process is strongly curved 
and thick at the base. 

Length: 19-21 mm. 

Remarks: The species was recorded from South Africa by Tattersall (1925). It 


occurred in this survey in all but the southernmost part of the region. It has previously 
been reported from the Atlantic, the Indian Archipelago, and the Pacific. 


Nematobrachion flexipes (Ortmann) Calman, Fig. 19 a-c 
Stylocheiron flexipes Ortmann, 1893: 18 (original description); Nematodactylus flexipes 
(Ortmann) Calman, 1896: 16: .Nematobrachion flexipes (Ortmann) Calman, 1905: 153 
Diagnosis : 

The rostrum is long, slender and spiniform. The carapace has a well-developed 
keel anteriorly, and has a lateral denticle on the inferior margin. 

The eyes are large and constricted transversely, with the upper section larger than 
the lower. 

On the outer, forward margin of the basal segment of the first antennal peduncle 
is a long spinose process which reaches to about the middle of the second segment. 
The second segment is produced at its outer distal corner in a process which is lamellar 
at its base but spiniform distally, with the spine directed forward, upward and 
outward. 

The third, fourth and fifth abdominal segments are armed dorsally with con- 
spicuous spines. 

The terminal process of the male copulatory organ has a thick base, tapers to a 
narrow middle and expands to a flattened plate on the distal end of which is a small 
raised portion. The base of the proximal process is inflated and the whole process is 
curved strongly and evenly to an expanded plate, with a finely serrated margin, at 
the distal end. The lateral process is moderately thick with a short, curved distal part. 
The additional process has a thick, oblong base with a thin, acute, distal portion at an 
acute angle to it. 


+ Fic. 19 
Nematobrachion flexipes (Ortmann) Calman 
. Adult female from left side. 
. Left copulatory organ from behind. Processes from left to right—spine-shaped, ter- 
minal, proximal, lateral, additional. 
c. Left first antennal peduncle from left side. 


Stylocheiron carinatum G. O. Sars 
d. Adult female from left side. 
. Left copulatory organ from behind. Processes from left to right—spine-shaped, ter- 
minal, proximal, lateral. 
f, Terminal segments of third cormopod. 


| 

| 


230 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


Length: 22-26 mm. 

Remarks: The species occurred in the north-west of the region. Illig’s (1930) is 
the only other South African record. It has never been reported from the Indian 
Ocean but is found in the tropical and temperate Atlantic and east Pacific. 


STYLOCHEIRON G. O. Sars 
Stylocheiron G. O. Sars, 1883: 29 (original description) 
Generic characters : 

This form is usually small and the eyes vary greatly from species to species. 

The carapace always lacks lateral denticles. 

In the female the second and third segments of the first antennal peduncle are 
long and slender; in the male they are short and thick. The upper flagellum is 
shorter than the lower and in the male the segments are flattened and expanded, 
whereas in the female they are slender and cylindrical. The peduncle of the second 
antennal endopod is extremely elongated. 

The first and second cormopods are short; the third is extremely elongated and 
ends in a prehensile hand. The remaining cormopods diminish in length and the 
eighth is rudimentary. 

The inner and median lobes of the copulatory organ are coalesced. The processes 
are usually small and only slightly curved. The lateral process is inserted near the 
base of the lobe and there is no additional process. The auxiliary lobe is reduced. 

Seven of the nine recognized species were present in the material. 


Key to species of STYLOCHEIRON 
ta. Only lateral setae on penultimate segment of third cormopod (Fig. 19f) . . . . S. carinatum 
16. Third cormopod terminates in false chela (Fig. 20 ¢). 

2a. Eyes with four or five, rarely six, crystal cones on narrow upper section. 


. . S. affine 
2b. Eyes with three crystal cones on narrow upper section. 2 a.» see 
2c. Eyes with numerous crystal cones on narrow upper section. . . « « &. longicorne 
2d. Eyes oblong, upper part not contracted or divided in crystal cones. . . . . S. elongatum 


tc. Third cormopod terminates in true chela (Fig. 21 /). 
3a. Upper section of eye much smaller than lower; conspicuous dorsal tooth on hind margin of 


fourth and fifth abdominal segments. - . « « S&S. abbreviatum 
36. Upper section of eye at most slightly smaller than lower; fourth and fifth abdominal segments 


Stylocheiron carinatum G. O. Sars, Fig. 19 d-f 
Stylocheiron carinatum G. O. Sars, 1883: 31 (original description) 

Diagnosis : 

The frontal plate is short and bears a very long, pointed rostrum. The carapace 
is keeled above the gastric region. 

Fic. 20 
Stylocheiron affine Hansen 

. Adult male from left side. 


. Left copulatory organ from behind. Processes from left to right—spine-shaped, ter- 
minal, proximal, lateral. 
c. False chela of third cormopod. 
Stylocheiron suhmii G. O. Sars 
d. Adult female from ieft side. 
. False chela of third cormopod. 


q 
unarmed. - « S. maximum 
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The basal segment of the first antennal peduncle is similar in both sexes and 
bears no lobes or processes. The flagella are shorter than the peduncle, the lower 
being a little longer than the upper, and in the male it is very thick at the base. In 
the female the flagella are much more slender than in the male, are about the same 
length, and therefore relatively much shorter than the peduncle. 

The elongated third cormopod bears a high tubercle armed with a spine at the 
distal end of the ante-penultimate segment. The penultimate segment has three 
strong setae on its lower margin. 

The spine-shaped process of the male copulatory organ is short and strongly bent. 
The terminal process is short, flat, and very broad, with a transverse crenulated end. 
The proximal process is flat, longer than the terminal, and in the middle about twice 
as broad. It is much expanded distally on the inner side, with the inner margin 
forming a rounded angle. The lateral process is inserted at the base of the median 
lobe, close to the proximal process. It is a little shorter than the proximal process, 
slender, curved, with an acute end and a tooth just before the end of the outer margin. 


Length: 11-15 mm. 
Remarks : The species occurs over most of the region and has been reported before 
by Illig (1930). It is widespread throughout the Atlantic, Indian and Pacific Oceans. 


Stylochetron affine Hansen, Fig. 20 a-c 
Stylocheiron affine Hansen, 1910: 118 (original description) 
Diagnosis : 

The rostrum is long and slender in the female, rather short in the male. The 
gastric area of the carapace is keeled. 

The eyes are less than twice as high as broad, with the lower section less than 
twice as broad as the upper. In the upper section are four, five, or sometimes six 
crystal cones. 

The first antennal peduncle is about as long as the carapace. 

The elongated third cormopod terminates in a false chela, with a long, strong, 
curved spine and two shorter spines on the penultimate segment, and a number of 
strong spines on the terminal segment. This false chela is essentially the same in all 
the species belonging to Hansen’s ‘/ongicorne’ group. 

The spine-shaped process of the male copulatory organ is strongly bent. The 
terminal process has a short base forming a definite angle with the distal part which 


Fic. 21 oie 
Stylocheiron longicorne G. O. Sars 
a. Adult male from left side. 
6. Left copulatory organ from behind. Processes rom left to right—spine-shaped, ter- 


minal, proximal, lateral. 
c. False chela of elongated third cormopod. 


Stylocheiron abbreviatum G. O. Sars 


. Adult female from left side. 
. Left copulatory organ from behind (after Hansen, 1912). 
- True chela of third cormopod. 
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is slightly expanded distally and ends in a rounded, toothed margin. The inner 
margin of the proximal process forms one curve with the rounded, curved, distal 
margin. It has no definite angle with the base. The lateral process is also curved, 
a little shorter than the others, and carries no teeth. The auxiliary lobe is much 
reduced. 

Length: 6-8 mm. 

Remarks ; The species occurs over most of the region and has been reported before 
by Illig (1930). It can be taken, frequently at depth, from the tropical and subtropical 
zones of all the oceans. 


Stylocheiron suhmu G. O. Sars, Fig. 20 d-e 
Stylocheiron suhmii G. O. Sars, 1883: 31 (original description) ; 
S. mastigophorum Chun, 1887: 30 (partim) 
Diagnosis : 

The rostrum is fairly short and acute. The carapace has no dorsal crest. 

The eyes are narrower than S. affine and have only three well-developed crystal 
cones in a transverse row in the upper part. 

The elongated third cormopod ends in a typical false chela. 

Length: About 8 mm. 

Remarks: The species occurred sparsely in only the east of the area. Only 
females were taken and I have been unable to trace either a description or figure of 
the copulatory organ of the male. The shape of the eye seems a reliable character, 
however. IIlig (1930) reports the species from South African waters, and it is found 
in the Atlantic, Indian and Pacific Oceans. 


Stylocheiron longicorne G. O. Sars, Fig. 21 a-c 
Stylochetron longicorne G. O. Sars, 1883: 32 (original description) ; 
S. mastigophorum Chun, 1887: 30 (partim) 
Diagnosis : 
The rostrum is short but acute. The carapace bears a low dorsal keel with no 


crest. 


Fic. 22 
Stylocheiron maximum Hansen 
. Adult female from left side. 
. Left copulatory organ from behind. Processes from left to right—spine-shaped, ter- 
ye minal, proximal, lateral. 
5 c. True chela of third cormopod. 
Stylocheiron elongatum G. O. Sars 
d. Adult male from right side (after Sars, 1885). 
e. False chela of third cormopod (after Sars, 1885). 
J. Left copulatory organ (after Sars, 1885). 
Pseudeuphausia latifrons (G. O. Sars) Hansen 
. Front part of carapace and first antennal peduncles from above (after Hansen, 1910). 
. Left copulatory organ from behind (after Hansen, 1910). 
Left copulatory organ from side (after Hansen, 1910). 
. Right first antennal peduncle from above (after Hansen, 1910). 
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The eyes are about twice as high as broad below. The upper part is not much 
narrower than the lower and is well provided with numerous crystal cones. 

The base of the terminal process of the copulatory organ is a trifle broader than 
the rest. The whole process is about three times as long as broad. The distal end is 
expanded and carries about six teeth. The proximal process is short and narrower 
than the terminal. The lateral process is much shorter, thinner, curved and inserted 
some distance from the proximal. The auxiliary lobe is of moderate size. 


Length: Male 6-4~9°5 mm., female up to 13 mm. 

Remarks: he species occurs throughout the region. Originally described by 
Sars (1883) from south of the Cape of Good Hope, it has since been recorded by 
Stebbing (1g10) and Illig (1930). It has been found in the Atlantic, Pacific and 
Indian Oceans and the Mediterranean. 


Stylocheiron elongatum G. O. Sars, Fig. 22 d—-f 
Stylocheiron elongatum G. O. Sars, 1883: 32 (original description) 
Diagnosis : 

The rostrum is very short and triangular. 

The eyes are large and oblong, and constricted slightly across the middle. The 
upper part is not narrower than the lower. 

‘The sixth abdominal segment is extremely long, longer than the total length of 
the two preceding segments. 

From Sars’s (1885) figures it appears that the terminal process of the male copu- 
latory organ is wider and longer than the proximal and tapers abruptly to an acute 
point. The proximal process appears to be slender and distally hooked, but there is no 
sign of a lateral process. It is not known whether the copulatory organs are among 
the imperfections in Sars’s descriptions and figures mentioned by Hansen (1912). 

Length: About 13 mm. 

Remarks: One battered female was encountered in the collection. It was identi- 
fied by the shape of the eye and the length of the sixth abdominal segment. Sars 
(1883) reports it from the south Atlantic, and Illig (1930) found it in South African 
waters. It has, so far, been found only in Atlantic waters. 


Stylocheiron abbreviatum G. O. Sars, Fig. 21 df 
Stylocheiron abbreviatum G. O. Sars, 1883: 33 (original description) ; 
S. chelifer Chun, 1896: 162 
Diagnosis : 
The rostrum is acute and the carapace is keeled above. 
The eyes have the upper section much smaller than the lower. 
The fourth and fifth abdominal segments are keeled and have an acute, conspi- 
cuous dorsal tooth from their posterior margins. 
The elongated third cormopod ends in a true chela. 
The terminal process of the male copulatory organ is very thick and tapers some- 
what to a distinctly bifid end. The proximal process is not quite a third as thick as 
the terminal and tapers to a sharp point. It is slightly thicker than the lateral process. 
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Length: 15-16 mm. 

Remarks: The species appeared in most parts of the region. Illig (1930) has also 
found it in South African waters. The species is closely related to S$. maximum and 
sub-adult specimens may be confused. It occurs in the Atlantic, Pacific and Indian 
Oceans. 


Stylocheiron maximum Hansen, Fig. 22 a-c 
Stylocheiron maximum Hansen, 1g08: g2 (original description) 

Diagnosis : 

The rostrum is long and acuie and the gastric area is keeled. 

The eyes are very large and the upper pari is only slightly smaller than the lower. 

The abdominal segments are unarmed dorsally. 

The elongated third cormopod ends in a true chela with one immovable finger. 

The spine-shaped process of the male copulatory organ is bent just before the 
middle. The terminal process is thick at the base, tapers to the middle and then 
remains the same breadth to the end which is cut off oblique!y. Vhe distal margin 
carries a small tooth on the inner corner and the outer angle is produced to an acute 
tip. ‘The proximal process is inseried some distance from the terminal and is not much 
thinner than it. The lateral process is much more slender than the proximal and 
tapers to an acute point. 

Length: 23-24 mm. 

Remarks; The species was taken in all parts of the region. It has been reported 
here by Tattersall (1925) and Illig (1930), and occurs in the Pacific, Atlantic and 
Indian Oceans. 


PART IU 


DISTRIBUTION OF SOUTH AFRICAN EUPHAUSIIDS 


HypDROGRAPHIC CONDITIONS 


The area covered by this investigation is an extensive one (fig. 1). Hydrographic 
conditions in the area are not yet clearly understood, but what is known of them 
indicates that they are extremely complicated.* A much simplified presentation of 
the surface currents (from Sverdrup, Johnson and Fleming, 1942) is given in fig. 23. 
Three major current systems divide the region—the West Wind Drift in the south, 
the Benguela current in the west, and the Agulhas current in the east. South of the 
Cape and Cape Agulhas is a region of transition greatly affected by all these systems. 
* A comprehensive discussion of the water-masses and their movements in this region is to be found 

in an important contribution by Clowes (Clowes, A. J., 1951, “An introduction to the hydrology 


of South African waters’, Fish. and Mar. Biol. Surv. Divn. Invest. Rept. 12: 1-42, 14 figs., 20 charts). 
This report appeared after the completion of this paper. 
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This picture is further complicated by the extremely strong winds to which the 
Cape is seasonally subjected, and which result in a welter of temporary surface- 
currents which at times obscure the general picture. 

The entire region lies between the Antarctic and Tropical convergences, and 
the greater part of it lies between the Subtropical and Tropical convergences. The 
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Fic. 23. Survey area divideg into distributional zones (see text). The probable average 
positions of the Antarctic and Subtropical convergences are shown. 


part lying between the Tropical and Subtropical convergences is referred to as the 
Subtropical zone. Between the Subtropical and Antarctic convergences is the Sub- 
antarctic zone and south of that is the Antarctic zone. 

The temperature at the convergences and their positions vary somewhat accord- 
ing to season. Their probable average positions as shown in fig. 23 are from Hart 
(1934) and Sverdrup et al (1942). 

Since the collections were made at different seasons and by different methods no 
attempt is made to correlate distribution with hydrography. These remarks are 
confined to the broader aspects of distribution and must be regarded as purely pre- 
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liminary. Work at present in progress on the Discovery Investigation collections 
made by the R.R.S. William Scoresby, promises to throw further light on the distribu- 
tion of this group, particularly in the Benguela Current. 

To facilitate discussion the area has been divided into squares, which are num- 
bered. It can be seen that squares 1, 6 and 7 are wholly within the Subtropical zone. 
Squares 2, 3 and 5 are mainly in the Subtropical zone but extend somewhat into the 
Subantarctic. Square 4 is almost entirely in the Subantarctic, but its southernmost 
border is in the Antarctic zone. 

Squares 1 and 2 can be regarded as Atlantic Subtropical, squares 5, 6, and 7 
as Indian Subtropical, with square 3 as Transitional, and square 4 as Subantarctic. 


DISTRIBUTION OF SPECIES 


The data do not warrant a discussion of the distribution of all the species covered 
by the survey. Those mentioned belong mainly to genera, the distribution of whose 
more southern representatives has been previously investigated (Rustad, 1930, 19434; 
John, 1936; Tattersall, 1924). The distribution of a few species is noteworthy for 
other reasons. 

Thysanopoda, ‘Vhis genus was well represented in the survey and nearly all the 
records are Indian Subtropical, coming from squares 6 and 7. The hauls in this part 
of the region are deeper than elsewhere. Since most species of ‘Thysanopoda favour 
deep water, this is probably the reason for this distribution pattern. 

Nyctiphanes. N. capensis was taken from the neritic province in square 3 only and 
may well be confined to this area. All the representatives of this genus are neritic 
in habit, coming well inshore to spawn, and all have a very limited distribution range. 

Euphausia. This genus was the best-represented in the collection, as fifteen species 
occurred. The genus is supposed to have arisen in warm waters and to have colonized 
the southern waters along two distinct lines (John, 1936). 

Hansen (1911) has divided the genus into four groups, of which groups ‘a’ and 
‘d’ are well-separated, natural groups, but groups ‘b’ and ‘c’ are ill-defined. The 
latter groups are separated entirely by the presence or absence of a dorsal process on 
the third abdominal segment, and since this may vary within a species, it is a rather 
poor criterion. The species encountered in this material are placed in Hansen’s four 
groups as follows: 


Group ‘a’ Group ‘b’ Group ‘c’ Group ‘d’ 
E.. diomedeae E. tenera E. vallentini E. longirostris 
E. mutica E. similis E. hemigibba E. spinifera 
E. recurva E. lucens E. paragibba E. hanseni 
E. brevis E. pseudogibba 


E. gibboides 


It is probable that the species in groups ‘b’ and ‘c’ form more than two groups, 
however. The best specific characters are formed by the copulatory organs and, 
judging by these, E. hemigibba, E. paragibba and E. pseudogibba are closely related and 
form one natural group. F£. vallentini and E. lucens are also closely related and fall into 
John’s (1936) group 2. 
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The other three species, E. tenera, E. similis and E. gibboides, are obviously not 
closely related and do not form a taxonomic group, but in the absence of further 
representatives of the genus it is not possible to speculate on their affinities. It appears, 
therefore, that twelve of the fifteen species encountered fall into four natural groups 
and that the affinities of the remaining three species are unknown. 

The north-south distribution of the genus, arranged in groups, is shown in fig. 
24. The thin lines at the ends of the heavy lines represent the probable range of 
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Fic. 24. North-south distribution range of species of Euphausia. 


occasional visitors. Most of the species are Tropical or Subtropical, groups 1 and 2 
being the most successful invaders of the Pan-Antarctic (Rustad, 1930) waters. The 
boundaries delineated here may be extended as further investigations are made. 

Thysanoéssa. The most common species of this genus in the collection is 7. gregaria. 
This is a true temperate or subtropical form. It was found in the Subantarctic zone 
only in the extreme north of square 4 where it was probably transitory. The species is 
also anti-tropical in nature, being taken only at great depth in the tropics, and thus 
exhibiting an apparent bipolarity probably associated with a submergence along 
temperate isotherms. 
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The remaining forms in the collection are all oceanic with a widespread distribu- 
tion in tropical and subtropical seas, and occasionally invading the subantarctic 
(square 4). Their occurrence in the squares is as follows: 


Species Squares 
1 2. 4. 6. 
Nematoscelis megalops . x x x x x 
és microps . ; x x x x 
tenella . x x 
Nematobrachion boopis . x x 
flexipes x 
suhmit x 
longicorne x x x 
elongatum . x 
abbreviatum . x x x x 
is maximum... x x 
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INDEX TO GENERA AND SPECIES 


Synonyms and species incidentally mentioned are marked * 


reophausia* 219 paragibba air 

Euphausia 200 patachonica* 215 
brevis 205 pseudogibba 
frigida* . 201, 219 schotti* . . 218 
gracilis* . . 206 similis var. armata 210 
hanseni . similis var. crassirostris* . 210 
hemigibba ‘ 210 similis var. lobata* . 210 
krohnii*® . . 200, 201, 202 spinifera . : 218 
latifrons* ‘ . 219 splendens* ‘ 208, 215 
longirostris ‘ . 216,218 tenera. ‘ 206 
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uncinata* 
vallentini 
Nematobrachion . 
bodépis 
flexipes . 
Nematodactylus* 
boépis* 
flexipes* . 
Nematoscelis 
difficilis* . 
mantis* . 
megalops 
microps . 
rostrata® . 
tenella 
Nyctiphanes 
australis* 
capensis . 
Parathysanopoda* 
foliifera* . 
Pseudeuphausia 
latifrons . 
Stylocheiron 
‘abbreviatum 
affine 
carinatum 
chelifer* . 
elongatum 
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flexipes* . 
longicorne 
mastigophorum* 
maximum 
suhmii 
‘Thysanoéssa 
gregaria . 
macrura* 
parva. 
‘Thysanopoda 
aequalis . 
acutifrons 
agassizii* 
amblyops* 
cornuta 
ctenophora* 
distinguenda*® . 
insignis* . 
lateralis* . 
microphthalma 
monacantha 
obtusifrons 
orientalis . 
pectinata 
subaequalis 
tricuspidata 
tricuspide* 


243 
: 215 . . 234 
: : . 229 234 
J 
J 


: 
Fes 
Pry 


LEPTOMONAS CENAE]I sp. nov.. FROM THE DIGESTIVE TRACT OF 
CENAEUS CARNIFEX (HEMIPTERA), WITH SPECIAL REFERENCE TO 
THE METACYCLIC FORMS 


By Atrrep J. Gress 


Honorary Research Assistant, Department of Zoology, University of Cape Town 
(Communicated by S. H. Skaife) 
(With four text-figures) 
(Read March 19, 1952) 

The life-history of Leptomonas cenaei sp. nov., parasitic in Cenaeus carnifex, is described. The lepto- 
monad is found in the digestive tract only, first in the mid-gut and later in the hind-gut and rectum. 
Only leptomonad forms are found in the first two localities, but in the rectum small leishmania-like 
bodies are developed by modification and division of leptomonads which have become adherent to the 
rectum walls. The small leishmanials elongate, grow flagella, and become motile. They then become 
free in the rectum and are found in the faecal droplet of the host in very large numbers. Soon after 
leaving the host their flagella become shorter and later disappear. It is shown that the flagella are 
retracted within the bodies of the organisms. These torpedo-shaped bodies are capable of extruding 
their flagella and becoming motile in saline after having been dried for 24 hours. It is suggested that 
they represent the infective form of the parasite. 


In a paper entitled ‘Cyithidia familiaris n. sp. in Cenaeus carnifex’ (Gibbs, 1950), 
the life-history and method of transmission of the organism concerned was described 
in some detail. It was pointed out, also, that the host, a sap-feeding insect common at 
the Cape Peninsula, South Africa, harboured another flagellate of the genus 
Leptomonas. This latter organism may be found concurrently, in the same insect, with 
Crithidia familiaris, or alone. At the time of writing the above paper nothing had 
been discovered regarding the means of transmission of the Leptomonas. The method of 
production of the infective (metacyclic) forms, their behaviour, and the means of 
dissemination have since been studied and form the main subject-matter of the 
following notes. 

Forms in Mip-Gut AND HIND-GUT 


The flagellate first appears in the mid-gut, whence it travels posteriorly, first to 
the hind-gut and, later, to the rectum. Its characteristics differ in each of these 
locations. By far the greater proportion of the parasites in the mid-gut are long, 
highly active and fast-moving leptomonads, although there are always present a 
certain number of smaller individuals. The predominating forms measure about 21 
long, the body usually attaining its greatest breadth, about 2-5, within its anterior 
half. The posterior tip is blunt, while the anterior end tapers abruptly to a fine 
extremity. Among the larger forms the nucleus is somewhat anteriorly situated, but 
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among the smaller forms it may be central. The kinetoplast is set well forward and 


near to one side. The flagellum is 14 or more times the body-length (fig. 1). Rapid 
multiplication results in heavy infection of the mid-gut, which frequently teems with 
large, fast-moving leptomonads, which, when studied in saline, often form large 
clusters. 

The organism soon travels posteriorly to the hind-gut, but in this location the 
flagellates are smaller and less active. The average length is about 17, while the 
flagellum is reduced to about one body-length. Invasion of the hind-gut does not, at 
first, affect the form or number of the parasites in the mid-gut which usually continues 
as a focus of heavy infection. During the last phase, however, when there is heavy 
parasitization of the rectum, it is not unusual to find the mid-gut free of parasites. 


Forms IN REcTUM 


The final stage of the life-history of the organism within the host takes place in 
the rectum. This organ is first invaded by a few leptomonads from the hind-gut which 
become adherent to the rectal walls by the tips of the flagella. Although anchored, 
they exhibit moderately vigorous swaying movements of the body. Later, the flagella 
become shorter and the motility of the organism is less apparent. Eventually the 
flagella disappear entirely, but the organisms remain attached to the rectal walls at 
the anterior extremity of the intracytoplasmic axoneme. They remain in an 
elongated condition until this occurs, but thereafter take on a more rounded form, 
and large leishmania-like bodies result. These undergo division in leishmania-like 
form and isolated clusters result, each apparently having arisen, in the first place, from 
a single adherent leptomonad. As a result of continued multiplication of the indivi- 
duals of the groups and the attachment of fresh leptomonads from the hind-gut, the 
entire surface of the rectal walls eventually becomes covered with leishmania-like 
clusters. The early divisions of each cluster result in approximately identical indivi- 
duals. They measure about 6 by 5; the nucleus is situated near the border of the 
body, while the kinetoplast, which is variable in location, is strongly marked. The 
intracytoplasmic axoneme is usually clearly visible. At a later stage much smaller 
leishmanial bodies are formed, usually near the centre of the group. At first they are 
round, measuring about 2 across, but later they elongate and grow flagella. For a 
while they remain attached by the tips of the flagella, but later they become free, in 
very large numbers, within the rectum. The bodies of these forms are about 64 long 
and 2yu across the broadest part. The posterior end is rounded, while the anterior 
extremity tapers to a fine point. A characteristic of these very small leptomonads, 
when examined in the living state, is the presence of a very clearly marked, round area 
at the extreme posterior tip. This area shows either as a light or dark patch according 
to the point of focus, and is not to be confused with the nucleus, which, in any case, 
is not visible in the living state. Stained specimens show the nucleus to be situated 
about the middle of the body towards one side, while the kinetoplast lies between the 
nucleus and the anterior extremity of the body (fig. 2). 

When wet-fixed and stained with Ehrlich’s haematoxylin and eosin the nuclear 
chromatin of these small leptomonads is in the form of two parallel rods lying length- 
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wise with the body (fig. 3). In all other forms of the parasite the nucleus, when wet- 
fixed and stained, is vesicular, with a central karyosome. 


METACYCLIC Forms 


For studying the transmission of the flagellate, faecal droplets were obtained 
either from captive insects which defecated upon glass slides or from plants upon which 
the insects had been feeding. The small leptomonads described above are voided 
with the droplet in very large numbers and represent the only form of the parasite 
occurring in the faeces. Although the flagella are active after leaving the rectum, the 
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1. Leptomonad from mid-gut. 2. Freshly voided leptomonad. 3. Freshly voided 

leptomonad. (After wet-fixation and staining by Ehrlich’s haematoxylin.) 

4. Metacyclic form after retraction of flagellum. Norr: All figures except 3 
are from dry-fixed specimens stained by Leishman’s method. 


organisms at this stage do not travel, but exhibit, instead, a marked tendency to 
attach themselves by the tips of the flagella to the surface of the slide or cover-slip 
when the droplet is mounted for examination in the living state. In the unmounted 
droplet they very soon rise and become attached by the tips of the flagella to the 
surface film of the liquid. Motility is, for a time, quite vigorous, despite the fact that 
there is no locomotion. 

A curious synchronization of activity of the floating organisms is observed when 
the droplet is heavily infected. For a period of some seconds the leptomonads continue 
in a state of vigorous activity, then simultaneously all movement ceases for an approxi- 
mately similar period, only to begin afresh, simultaneously and instantaneously. 
Viewed under a low-power objective covering a large field, this synchronization 
usually affects all of the thousands of organisms which can be observed. 

Within about fifteen minutes the leptomonads begin to exhibit shortening of 
the flagella. Finally this organelle disappears entirely and the organism becomes 
quiescent, although it remains anchored at the anterior tip. During the shortening 
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of the flagellum it is observed that the body is gradually drawn towards the slide or 
cover-slip to which the tip of the flagellum is attached and it appears reasonable to 
assume that the whole of the free portion of that organelle is actually retracted within 
the interior of the body. This hypothesis is supported by a study of stained specimens 
as described later. There is no other observable change in the form or size of the body 
in the living state during the transition to the aflagellate state. It remains somewhat 
flattened similarly to the leptomonad from which it developed, while the dot situated 
at the posterior tip is as obvious as in the earlier leptomonad state. The loss of the 
flagellum only occurs among living individuals. 

If the liquid is mounted in hanging-drop form and is well sealed, the leptomonads 
remain active for two days or longer, after which they die, apparently from shortage 
of oxygen, but there is no retraction of the flagella. If, however, the drop is allowed 
contact with free air before motility ceases the leptomonads will behave exactly as if 
freshly voided and the flagella will be retracted. 

When the droplet is placed on a slide and left uncovered, the ability of the 
leptomonads to attain the aflagellate condition is dependent upon the time which 
elapses before drying of the material takes place. If the droplet is very small, or if it 
is drawn out into a thin film, the organisms will be unable to retract their flagella. 

Within a period of about twenty-four hours in a dried state, the forms which 
have retracted their flagella are capable of reverting to the motile state when immersed 
in saline. There is then a complete reversal of the previous process; in about one 
hour slight growth of flagella can be detected and after about two hours pendulum- 
like movements of the bodies can be observed. The flagella eventually grow to the 
size of those of the voided leptomonads and move vigorously but remain attached to 
the slide. Any free forms tend to reattach themselves to the cover-glass or slide as 
soon as they become motile. No further development takes place in saline. In a few 
instances re-flagellation has occurred forty-eight hours after voiding of the droplet. 
In these cases the time taken to grow flagella was twenty-four hours and development 
occurred among approximately only 1 per cent of the bodies. 

Retraction of the flagellum is accompanied by displacement of the kinetoplast 
and an alteration in the path of the intracytoplasmic axoneme. As pointed out above, 
the kinetoplast is situated anteriorly to the nucleus when the parasite is first voided by 
the insect, but as retraction takes place it moves in a posterior direction and takes up 
a location laterally to the nucleus. The rhizoplast then describes an arc beginning 
near the kinetoplast, passing near the opposite side of the body and ending at the 
anterior extremity. Finally the nucleus moves near to the posterior tip with the 


kinetoplast in close proximity (fig. 4). When the organism reverts to the flagellate 
state the internal structure becomes identical with that of the leptomonad when 


freshly voided. 
Discusston 


There seems little doubt that the small leptomonads voided with the faecal 


droplet represent the infective form of the parasite; the fact that no other forms 
appear in the faeces, and that they are present in such large numbers, is, in itself, very 
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significant, while additional evidence is afforded by the phenomenon of re-flagellation 
in saline hours after being voided. 

It has been shown that reversion to the flagellate stage is possible after an interval 
of twenty-four hours in the dried state, but it remains to be shown whether or not the 
bodies remain viable when this period is exceeded and they are no longer capable of 
re-flagellation in saline. No reference to the retraction of flagella by leptomonads 
after voiding by the host has been found in any of the literature studied, but it is 
realized that this is a phenomenon which might easily escape observation. 

No attempt has been made to differentiate between the present organism and 
similar leptomonads found in other insects, but, for future convenience only, and 
without prejudice to the question of whether or not it is identical with any described 
leptomonad, the name Leptomonas cenaet is proposed. 


DEFINITION OF NEW SPECIES 


Leptomonas cenaet sp. nov. is parasitic in the digestive tract of Cenaeus carnifex, a 
sap-feeding insect found in South Africa. The larger forms measure about 21, long 
with flagella of about 14 times the body-length. The posterior tip is blunt, while the 
anterior tip tapers abruptly to a fine extremity. The nucleus is usually anteriorly 
situated. Clusters of leishmania-like bodies are produced in the rectum by modifica- 
tion and division of leptomonads which adhere to the rectal walls. Small leishmanials, 
measuring about 2p across, appear later; they afterwards become elongate (about 6) 
and grow flagella. They then become free in the rectum and are passed out in large 
numbers with the faecal droplet. Within fifteen minutes of leaving the host the 
flagella shorten and later disappear. These bodies are capable of re-flagellation 
after a period of twenty-four hours in the dried state when immersed in saline. 
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THE BLACK-MOUND TERMITE OF THE CAPE, AM/ITERMES 
ATLANTICUS FULLER 


By S. H. Skaire 
(With six text-figures) 


(Read April 16, 1952) 


This paper deals with the establishment, growth and structure of the mound of Amitermes atlanticus 
Fuller, a species of termite found in the south-west Cape. The annual cycle of activities is described, 
as well as the development of the various castes. The macropterous, brachypterous and apterous 
reproductives are described, and the part they play in the economy of the mound. The life history of 
a new genus and species of dipterous parasite, Termitometopia skaifei Zumpt, is dealt with and a brief 
description of the parasitic mites found in the nests of this termite is given. An experiment is described, 
together with the apparatus used, to determine the relationship between temperature and speed of 
movement of these termites, as well as the limits of temperature between which they are active. Finally, 
there is a short discussion of the different theories of caste differentiation among termites and the writer 
comes to the conclusion that the weight of evidence supports the theory of extrinsic causes. 


INTRODUCTION 


The type locality of Amitermes atlanticus Fuller is the slopes of Table Mountain 


above Camps Bay, near Cape Town. It is common on the slopes of Constantia Berg 
at Hout Bay and is also to be found on the mountains at Fransch Hoek and in Bain’s 
Kloof. So far no detailed survey has been made to determine its range, but it will 
probably be found to be widely spread on the mountains in the south-west Cape, on 
sandy soil formed by the disintegration of ‘Table Mountain sandstone, from a height 
of a few hundred feet above sea-level to 2,000 to 3,000 feet. It is not found in culti- 
vated or built-up areas as the insects quickly disappear when the natural veld is 
disturbed: they do no harm and have no economic significance. 

For the past fifteen years I have made a study of this species, which is abundant 
on my property at Hout Bay. My method of keeping them in artificial nests has been 
described in an earlier paper (Skaife, 1951), and the details given here are based on 
observations made in these nests and also in the field. As my laboratory is situated on 
the mountainside, surrounded by natural veld, I had only to go a few yards to get 
all the material I needed at any time. This species is a very convenient one for study 
as the colonies are not too large and the soldiers do not attack the observer when a 
mound is broken up. 

THe Mounp 


The nest consists of a black hemispherical or conical mound with a rounded apex. 
It is constructed of soil and organic matter, and, although the sandy soil on which it 
is found is white, yellow or red, the mound is always black because the excreta used 
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by the termites as cement blacken anything they touch. The largest mound I have 
seen was 2’ 3” in height and 2’ across at the base; this was in Bain’s Kloof, but a large 
mound at Hout Bay rarely exceeds 18” in height and 18” across the base; the majority 
are smaller than this. 

The outer part of the mound consists of soil particles firmly bound together with 
excreta and honeycombed with irregular cells that are connected one with the other 
by small, circular openings only about one-sixteenth of an inch in diameter (fig. 1). 
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Fic. 1. The Growth of the Mound of Amitermes atlanticus. Diagram showing 

the annual growth over a period of nine years, drawn to scale. a, the type of 

cells near the exterior of the mound. 6, the type of cells near the centre of the 
mound. ‘There is no royal cell. 


Nearer the centre of the mound the cells are larger and more elongated and their 
walls are thinner and consist mainly of hardened excremental products with little or 
no soil in them. Ifa portion of this part of the mound is held in a Bunsen flame it 
burns away and leaves only a fine grey powder. The openings connecting the cells 
in the interior of the nest are larger than those nearer the outside. There is no royal 
cell, the reproductives wandering about freely in the cells near the middle of the 
mound, There are also no fungus gardens, as this species is not a fungus-grower, nor 
is there any store of food; the nest contains only the termites themselves and there is 
never any refuse or debris of any kind inside the cells. 

The base of the mound penetrates only a few inches below the level of the soil 
and is usually in the form of a blunt, inverted pyramid (fig. 1). The whole nest can 
easily be lifted from the ground and. only a shallow depression is left. From the base, 
an inch or so below the surface, numerous runways radiate from the nest and these 
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are used by the termites in foraging for food; they are not permanent but are allowed 
to fall in and new ones are rapidly constructed as the need arises. The termites 
penetrate the soil in all directions from their nest and some of their runways may be 
several yards in length. These subterranean passages are only about one-sixteenth of 
an inch in diameter, just wide enough to allow one worker to pass another, and the 
walls are not strengthened with any cement. 

The nest starts as a small cell an inch or so beneath the surface of the soil, formed 
by a pair of macropterous reproductives after they have left their original home on 
the mating flight and paired off. Usually the cell is made just beneath a stone or a 
dead branch or root buried in the soil (fig. 1). During the first year it is little more 
than half an inch in diameter and here the young king and queen rear their first 
half a dozen stunted workers. The nest increases slowly in size and by the end of the 
second year there may be from 100 to 200 inhabitants living in comparatively few 
cells, still hidden beneath the surface. The incipient mound may begin to show 
at the surface during the third year as a slight rounded black eminence only an 
inch or two across. The further stages in the growth of the mound are shown in fig. 1, 
which is based on observations of a large number of nests on the mountainside over 
a period of fifteen years. 

I know of some mounds which are at least fifteen years old but I doubt whether 
any of them last for longer than twenty to twenty-five years. As stated above, the 
size is limited and the largest mounds cannot be more than twenty years old if growth 
continues at the normal rate. I believe the limiting factor is the food supply. The 
termites burrow in all directions in search of dead wood and decaying vegetation, 
and, under natural conditions, there should be sufficient of this to keep a colony going 
indefinitely, provided it does not grow too large. But fires, caused by man, frequently 
sweep across the mountain slopes and the dead wood and humus-forming material is 
all destroyed and the termites are starved out, particularly those in large colonies. 
Often one comes across a mound on the veld that is grey and the surface of which is 
weathering away; when broken open such mounds are found to be empty or occupied 
by ants or other intruders. The larger mounds in Bain’s Kloof are possibly due to the 
fact that mountain fires are less frequent there than they are in Hout Bay. In spots 
where the vegetation is dense the heat of the fire alone may be sufficient to kill all the 
inhabitants of a mound; occasionally the mound itself is burned and only a heap of 
red powder mixed with sand is left. 

Additions to the mound are made only during one short period in the year, in 
the spring, during August and September, when the weather is growing warmer and 
the heavy winter rains are over. At this time of the year raised patches of crumbly 
material appear on the surface of the mound, and, if this is broken away, large 
numbers of workers will be found just beneath it, accompanied by a good sprinkling 
of soldiers. The insects do not expose themselves on the surface while they are building. 
The workers make numerous small holes in the surface of the mound where the 
addition is to be made and the building-material is pushed up from the interior 
through these holes and glued in place by a slimy secretion from the mouth, probably 
saliva and gut contents. Watched closely, a worker may be seen to show its head at 
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one of the holes, bearing some soil particles in its mouth. The particles are wet and 
sticky and the worker pushes them out of the hole and leaves them there, retiring 
immediately to be replaced by others. Thus a pile of soil particles, all adhering 
together, accumulates around and over the holes and the workers push this up from 
below and make a weak ceiling projecting slightly from the surface of the mound. 
‘This goes on all over the area to be enlarged and so the damp, crumbly patch appears. 

Working under cover of this the termites add to the ceiling and strengthen it. 
When one patch is finished, extension work is begun elsewhere on the surface of the 
mound, and, if the colony is fourishing, an additional layer some inch or so in thick- 
ness may be added to the whole exterior. If, during these building operations, a grass- 
stalk is thrust into a damp, crumbly patch, almost invariably one or more soldiers 
will be withdrawn clinging to the grass by their jaws, showing that they are there on 
guard all the time just below the surface. All building stops by about the end of 
September, but work still goes on inside the new part of the mound to strengthen and 
solidify the wall until it is hard and weatherproof. 

At any time of the year, if part of the mound is broken away, the workers 
immediately set about plugging up the holes, using soil particles and the slimy 
regurgitated material as cement. They do not attempt to repair the large breaches 
in the cells but stop up the small holes that connect these broken cells with the interior. 
Only during the spring is any major repair work undertaken; if the mound is broken 
at any other time of the year, the rough, broken surface is left just as it is and only 
the small holes leading to the interior are filled up. Thus there is a decided seasonal 
rhythm in the building activities of these termites and early spring is their time for 
extension, addition and major repairs. 


THE WoRKERS 


The adult workers are 4 to 4:5 mm. in length, with a large, round, white head, 
powerful jaws, a narrow white thorax, and a feebly chitinized abdomen through 
which the contents of the gut can be seen, giving it a dark grey appearance (fig. 2 ¢). 
The antennae usually have fourteen segments, but individuals may be found with 
thirteen or fifteen segments. During growth the number of joints in the antennae 
increases by division of the third segment from the proximal end, and it is not always 
easy to decide how many joints are present because of the incomplete division of this 


segment. 
The workers are long-lived. I have kept them alive for nine months in my 


artificial nests and they probably live much longer in a state of nature. They are 
active throughout the twenty-four hours of the day. Being quite blind and living in 
total darkness, the change from night to day means little or nothing to them. 
Temperature has, however, a profound influence on their activities. During cold 
weather they are sluggish and are rendered almost motionless by a temperature of 
about 5 degrees C., but their speed of movement increases steadily as the temperature 
rises. 

To test the relationship between their speed and the temperature I devised the 
piece of apparatus shown in fig. 3. It consists of a sheet of cork mounted on a wooden 
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base, about two feet long by three inches wide. At each end of the cork a cell was 
made, an inch and a half in diameter and a quarter of an inch deep. A shallow groove 
about a twelfth of an inch deep and of the same width was cut in the cork, connecting 


a, egg. 6 and c, young 


Fic. 2. The Development of Worker and Soldier. 
undifferentiated instars. d, worker nymph, fifth instar. f, soldier nymph, fifth 
instar. ¢, adult worker. g, adult soldier. A, intestinal protozoan found in adult 


workers, Nyctotherus sp. 


these two cells: this was carefully marked off in centimetres and was just over 50 
centimetres long. Parallel with and close to this groove a slot was cut in which a 


thermometer was laid. A thin piece of glass covered the whole. 
About 100 adult workers were taken from a mound and put in one of the cells 


and the apparatus was covered with a piece of cardboard to keep out the light. The 
termites soon learned to make their way from one cell to the other along the groove 
and it was only necessary to remove the cardboard and admit the light to set them 
travelling to and fro. It was then a simple matter to read the temperature and to 
time them over the 50-centimetre course. I had no means of controlling the tempera- 
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Fic. 3. Apparatus used in determining relationship between temperature and 
speed. a, glass cover. 5, cell containing termites. c, sheet cork. d, wooden base, 
e, thermometer. f, groove along which the termites run, 
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ture artificially so I took readings on suitable occasions, on cold mornings, on mild 
days and on hot afternoons, and in this way got records of their speed at temperatures 
ranging from 8 degrees C. to 33 degrees C. The same termites were not used through- 
out as they had to be renewed from time to time in order to make sure that they 
were fresh and vigorous. 

Watching the insects running along the groove, one is at once struck by the 
uniformity of their speed. There is no overtaking; a worker that starts out along the 
groove say at a distance of 1 centimetre behind another, maintains this distance 
throughout the course. When two going in opposite directions meet, there may be a 
slight pause or slowing down, therefore only the termites making a clear, uninter- 
rupted run along the whole course were timed. 

Even under optimum conditions these termites are certainly not speedy insects. 
The following table gives a summary of some of the results obtained at different times 
of the year, fifty different termites being timed on each occasion: 


‘TIME TAKEN TO COVER 50 CM. APPROX. SPEED APPROX. SPEED 
‘TEMPERATURE IN SECONDS IN CM. IN YARDS 
Minimum Maximum Average PER MINUTE PER HOUR 
12°C, 164 169 167 18 118 
19° C, 102 105 103 29 19 
23° C. 82 87 84 36 23°5 
30° C. 61 67 64 47 30°7 


It will be seen that the speed in centimetres per minute is approximately 50 per 
cent higher than the number of degrees Centigrade, and in yards per hour it is, 
curiously enough, roughly equal to the number of degrees Centigrade—1o yards an 
hour at 10 degrees, 20 yards at 20 degrees, and 30 yards at 30 degrees. As the 
temperature approaches 40 degrees C. they show signs of distress and move erratically, 
and they are killed after a few minutes’ exposure to 41 degrees C. When placed in 
the refrigerator they are rendered motionless by a temperature of 4 degrees C., but 
they quickly recover when removed to room temperature, even after being kept in 
the refrigerator for twelve hours or longer. They recover more slowly after an hour’s 
exposure to — 9 degrees C., the temperature of the small chamber in which ice-cubes 
are made, and are killed if kept for more than twelve hours in this chamber. 

When a colony is disturbed the workers signal to one another by jerking their 
bodies to and fro, a habit which seems to be common to all termites and which is 
shared by the soldiers. It is difficult to understand what is the significance of this 
peculiar movement. If a mound is broken up and the inmates shaken out on to a 
board a very faint ticking sound can be heard when a large number of the insects 
are signalling. This may be caused by the mandibles striking on the substratum as 
the body is jerked forward; the soft hind end of the abdomen could not produce any 
sound as it strikes the board on the backward jerk. Possibly the peripheral sense 
organs (organ of Johston, sensory pores and sensory hairs) with which the termites are 
well provided are capable of detecting the feeble vibrations set up by this movement. 

Living as they do under very sheltered conditions inside the mound, the termites 
are delicate insects and die in a few hours if exposed to the fluctuations of temperature 
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and humidity of the outer air. They require an atmosphere of saturated humidity. 
In an artificial nest, if cotton wool soaked with water is placed in a cell at one end 
and a cell at the other end is filled with calcium chloride, the termites will all crowd 
into the neighbourhood of the moist cell and will avoid the dry cells at the other end 
of the nest. Some writers have made much of the mystery of the termites’ water- 
supply, and it has been asserted that they drive tunnels deep down into the earth, 
to reach permanent water far below the surface. But there is no mystery as far as 
Amitermes atlanticus is concerned. This species forages actively after rain and feeds on 
damp wood and humus, and so the insects obtain their water. Inside the ill-ventilated 
nest there is very little loss of water-vapour and so a saturated atmosphere is readily 
maintained in the crowded cells, even during the hot, dry summer months. 

Although they are blind, the termites are sensitive to light, as is shown by their 
agitation as soon as they are exposed to it. Furthermore, it can easily be shown that 
they can distinguish between the two ends of the spectrum. [f one-half of an artificial 
nest is covered with red glass and the other half with blue glass, all the termites 
quickly crowd into that part of the nest under the red glass. ‘They behave as though 
they are in darkness if exposed to the light from a photographic dark-room lamp, 
even though this be the comparatively bright yellow light that is safe for bromide 
paper. ‘Thus it seems that they are insensitive to the longer rays but react to the 
shorter rays at the blue end of the spectrum. 

‘The workers constantly groom one another and other inhabitants of the nest. 
The insect that is being groomed stands still and the other runs its mouthparts over 
the body, antennae and legs. Dead and dying inmates of the nest are devoured by the 
adult workers, as well as the cast skins, and in this way the interior of the nest is kept 
clean and there is no waste. The adult workers feed all the other inmates of the nest 
by regurgitation. I have never seen any feeding from the anus that is said to occur 
with other species of termites. 

Apart from the defensive duties of the soldiers, all the work of a colony is carried 
out by the adult workers and they even take an active and vigorous part in the defence 
of the nest if the need arises. There is little doubt but that it is the adult workers that 
control the manifold activities of the colony, but how the duties are allocated and 
discipline is maintained it is impossible to say. For example, if more of the inmates die 
than can be conveniently devoured, the surplus corpses are carried away to a corner 
of the nest and there walled off, but how this action to meet an uncommon emergency 
is organized we do not know. The theory that a termite-mound is an organic whole, 
analogous to the body of a higher animal, has very little to recommend it and does 
not help at all to explain things. 

If termites of a different species or individuals of the same species but from 
another mound are introduced into a nest they are at once attacked and destroyed, 
workers as well as soldiers joining in this defensive action. This fierce and relentless 
antagonism to intruders, even though of the same species, is probably a means of 
preventing the spread of disease and parasites. 

The workers feed on dead wood lying on or in the soil, wood that is more or less 
decayed; they never attack sound, dry timber, nor do they feed on living plants. 
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Usually they devour the outer part of the wood, where the effects of the fungi and 
other decay-causing organisms are most evident. If necessary, they will build a thin 
coating of soil particles over the wood, under cover of which they can work, but as a 
rule they feed entirely underground and there is no need for this protective coating. 
Often the gut of a worker is found to contain gritty soil particles and it is assumed 
that these are swallowed when the insect is feeding on humus and decaying vegetation. 

It is well known that the lower termites, especially the Aalotermitidae, harbour 
large numbers of curious protozoan parasites in their gut and it is generally believed 
that these help in the digestion of cellulose. In the higher termites, the Termitidae, 
these parasites are lacking or comparatively few in numbers. In the hind gut of some 
adult workers of A. atlanticus, but by no means in all, a curious Infusorian is to be 
found in small numbers—never more than about a dozen in any one insect, and often 
fewer. This protozoon is egg-shaped, about 75y long, is densely clothed with cilia 
all over, and it swims freely in the drop of water in which the termite is dissected 
(fig. 2h). Itis a species of Nyctotherus, very close to Nyctotherus silvestrianus Kirby (1932), 
found in Amitermes silvestrianus Light. As it is present only in small numbers and often 
absent altogether, it cannot play any part in the digestive processes of its host. It is 
interesting to note that Amitermes species so widely separated geographically as the 
Cape and California, harbour such closely allied protozoa which are not, apparently, 
found in any other genera of termites. The protozoa found in the lower termites are 
nearly all flagellates belonging to the class Mastigophora. 


THE SOLDIERS 


The soldiers are blind, sterile males and females about 5 to 5:5 mm. in length. 
The head is larger and more strongly chitinized than that of the worker and is yellow 
in colour. The mandibles are about one-third the length of the head, broad basally 
and curving to a sharp point at the distal end, with a strong tooth on the inner margin 
about half-way down the length (fig. 2 g). A large part of the head is occupied by 
the cephalic gland which secretes a colourless, sticky fluid used in defence. This gland 
opens by the frontal pore (fontanelle) just behind the clypeus and, when a soldier 
bites, a little of the fluid runs out of the pore down on to the mandibles and thence 
on to the object held in the jaws. If the liquid gets on to an insect it has a strong 
irritant effect, causing an ant, for example, to twist and writhe as though in pain. 

In a normal colony there is only one soldier to every twenty to thirty workers. 
They do not do any work nor do they feed themselves. The abdomen of the adult 
soldier shows the dark colour of the contents of the gut through the translucent skin, 
but it is somewhat lighter in colour than the worker’s, being brownish rather than dark 
grey. I believe this is due to the fact that they are fed on partially digested food by 
the workers. 

Ifa piece is broken off a mound, soldiers, as well as workers, appear at the breach, 
the soldiers running about with wide open jaws while the workers investigate the 
damage and set about repair work. More often than not ants make their appearance 
soon after such a breach is made, because several species of ants take up their abode 
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in parts of the mounds which they invade and make their own. Commonest among 
these is the aggressive Camponotine ant, Plagiolepis custodiens Smith, that is so common 
and widely spread in South Africa. ‘The ants carry off any termites they can capture 
for food and the contest between the two is fierce and ruthless. ‘The workers will 
defend themselves if attacked, but they are very vulnerable because their attention 
is occupied with the urgent need of stopping up the holes. 

The soldier’s method of fighting is to seize any intruder it touches and to hang on 
like a bulldog, while the irritant fluid oozes from its frontal pore and gets on to its 
opponent. Frequently they can be made to seize a grass-stalk or piece of thread 
brought into contact with their jaws, and, when they do this, they will allow the 
abdomen to be torn off without letting go. A soldier gripping a grass stalk holds its 
body out at right angles; if its feet are made to touch a small stone or piece of mound 
material, it will grip this in its claws and it can be lifted, carrying an object many 
times its own weight and size held in its claws, thus revealing remarkable strength for 
such a soft-bodied insect. 

When the workers forage for food along their subterranean runways a number 
of soldiers always accompany them, although they do not help in the gathering of the 
food. Their function is obviously to guard against any ants or other enemies that 
might break into the runways. 


THE DEVELOPMENT OF WORKERS AND SOLDIERS 


The eggs laid by the queen or queens are gathered by the workers into heaps in 
cells in those parts of the mound where conditions are most favourable for them, 
generally somewhere near the centre of the nest. The eggs are white, bean-shaped, 
and measure 0-62 by 0-34 mm. (fig. 2 a). They are licked constantly by the workers 
and adhere lightly one to the other, apparently held together by the workers’ saliva. 
Eggs removed from the nest and placed in glass tubes in a moist atmosphere and 
under favourable temperature conditions always fail to hatch; they either shrivel up 
or go mouldy; the attention of the workers is essential for their normal development. 

The eggs take from forty to sixty days to hatch. It is impossible to determine the 
time more exactly because the workers move the eggs from place to place, there are 
so many of them, and frequently, at least in artificial nests, numbers of them are 
eaten by the workers. ‘The eggs are found in the nests from about the middle of 
October to the end of March, and they are absent during the remainder of the year. 

The newly hatched termite measures from 1 to 1-5 mm. in length, is pure white, 
has feeble, bud-like mouth-parts that are only thinly chitinized, and antennae with 
nine or ten joints. Even at this stage it is difficult to determine the exact number of 
joints in the antennae because the third segment, counting from the proximal end, 
is more or less distinctly subdivided. This difliculty persists throughout the older 
instars, the third segment often being so slightly divided that it is a matter of choice 
whether one counts it as representing one, two or three joints. Because of the 
uncertainty of the exact number of antennal segments it is not possible by this means 
to determine precisely the number of instars which complete the development of this 
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species, but the examination of a large number of specimens leads one to the following 
generalization, which should prove accurate in the majority of cases: 


First instar g antennal segments, feeble mouth-parts, all alike. 

Second instar 10 antennal segments, feeble mouth-parts, all 
alike. 

Third instar 11 antennal segments, mandibles still bud-like, all 
alike. 


Fourth instar 11 to 12 antennal segments, mandibles better 
developed, soldiers can be recognized. 


Fifth instar 12 antennal segments, mandibles beginning to 
harden, soldiers easily recognized. 

Sixth instar 13 antennal segments, some may become adult at 
this stage. 


Seventh instar 14 to 15 segments, adults. 


As these insects have to be kept together in a dense throng for normal behaviour 
and development, it is impossible to determine the duration of the various instars. 
All I can say is that young hatched at the end of November become adults by the end 
of April, a period of five months. The young are fed entirely by the adult workers 
on predigested, liquid, colourless food. Until the fifth instar their mouth-parts are 
soft and quite incapable of chewing solid food and their bodies are quite white, showing 
that they do not take any of the food that darkens the abdomens of the adult workers 
and soldiers. 

Examination of cleared specimens under the microscope reveals no differences 
between the worker and soldier castes up to the end of the third instar. In the fourth 
instar, however, young soldiers can be picked out by the shape of the head and the 
jaws (cf. fig. 2 d and f). The mandibles are still white and soft, but those of the 
worker are short and broad and armed with two or three blunt teeth, while those 
of the soldier are longer and narrower and armed with one tooth along the inner edge. 
The head of the soldier is longer and oval, compared with the round head of the 
worker. In the penultimate instar the body of the worker assumes a pale yellow shade 
while that of the soldier retains its whiteness. I do not know the reason for this change 
of colour. The mandibles begin to harden and show pigmentation along their outer 
edge during the fifth instar and are strong and darkly pigmented in the penultimate 
instar. Towards the end of this instar discoloration begins to appear in the abdomens 
of the workers and soldiers, showing that they are now taking solid food, just prior to 
the final moult. 


THe REPRODUCTIVES 


During February and March large numbers of white nymphs with wing-pads on 
their backs may be found in a prosperous colony. They are absent in young colonies 
only two or three years old, and are few in a nest that is not flourishing. These are 
sexual individuals that are being reared in readiness for the mating flight in late 
autumn. The wing-pads are first visible as slight protuberances on the mesothoracic 
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and metathoracic segments of a sexual nymph in the third instar, but otherwise it is 
similar to a worker nymph. The wing-pads increase in size at each succeeding ecdysis 
and in the penultimate instar they reach two-thirds along the length of the abdomen, 
The eyes darken in this instar but otherwise the nymph remains white, except for a 
slight discoloration along the abdomen due to the contents of the alimentary canal 
showing through. The mandibles are similar to those of a worker but the teeth on 
them are sharper and more strongly developed. The numbers of joints in the antennae 
of the different instars is the same as those given for the worker caste, with the same 


Fic. 4. The Macropterous Reproductives. a, queen about 
five years old. 6, king. c, alate as it leaves the nest. d, under- 
side of tip of abdomen of female. ¢, ditto of male. 


difficulty of deciding on the exact number of subdivisions of the third segment. ‘The 
reproductive nymph in the penultimate instar is bigger than a worker nymph at the 
same stage and measures about 6 mm. in length. 

The sexual nymphs are fed by the workers on colourless liquid food until they 
reach the penultimate instar, when they are also given some solid food. Possibly they 
are able to feed themselves at this stage, at least in part, for their mandibles are 
strongly chitinized and some of them accompany the workers when foraging for food. 
The adult stage is reached late in February and during March and April. Immediately 
after the last ecdysis the wings are very soft and white, but they harden, stiffen and 
darken within twenty-four hours and the whole body turns dark brown. 
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The winged imago has a body about 6 mm. long with a wingspan of approxi- 
mately 20 mm. The wings are pale brown (fig. 4 ¢). A pair of ocelli is present, borne 
on the vertex, inside and slightly anterior to the eyes. The antennae are moniliform 
and have thirteen to fifteen segments. The abdomen has ten segments and the 
terminal segment bears a pair of short cerci on the ventral surface; these are reduced 
to short, two-jointed tubercles each with a tuft of three or four long bristles at the 
apex. The male can be distinguished from the female by the last abdominal sternite. 
This is large in the female and is the seventh sternite, whereas it is smaller and narrower 
in the male and is the ninth sternite (fig. 4 d and e). 

The alates are kept prisoners inside the mound for several weeks before being 
allowed to fly. They spend the greater part of their time motionless in the cells, 
usually somewhere near the middle of the nest and a number of them crowded 
together. They do, however, wander about in the nest to a limited extent. The 
wedding flight only takes place after the autumn rains have set in and the ground has 
been thoroughly wetted. ‘Then, one day immediately after rain, when it is calm and 
the temperature rising, generally about 11 o’clock in the morning, but it may be as 
late as 3 or 4 o’clock in the afternoon, the signal for the exodus is given. 

The workers make a number of small holes, about a sixteenth of an inch in 
diameter, close together, leading to the exterior on the top of the mound, so that a 
small area on the apex looks something like the lid of a pepper-pot. This is the only 
time of the year when the workers deliberately make a breach in the walls of their 
fortress home. Out of the holes come pouring a number of workers and soldiers, 
closely followed by the alates, and there is a scene of great excitement and bustle for 
a few minutes. Simultaneously holes appear on the tops of other mounds in the 
vicinity and flight takes place from them also, so that in a very short time the air is 
filled with a cloud of flying termites. It is not known how the workers are able to 
judge the weather conditions outside their sealed homes, but it is certain they can do 
so by some means or other because of this precise timing of the mating flight from 
many mounds just when the conditions are most favourable. 

By no means all of the alates leave the nest on this first flight. Some are kept back, 
and I have seen workers seize alates on the outside of the nest and pull them back 
inside through the holes. This is one of the reasons why I believe that the workers 
control all the activities of the colony. This first flight is the largest, with most alates 
taking part in it, but it is followed by other smaller flights later in the autumn and in 
early winter, when the remainder of the alates leave their homes. Apparently these 
supplementary flights are a provision against disaster that may overtake the major 
first flight. 

In three or four minutes the excitement is all over. The termites retreat into their 
home and the holes are securely plugged up once more from the inside, and there is 
no sign at all on the exterior of the flight that has just taken place. The alates are 
feeble fliers and many of them drop to the ground within a few yards of their home; 
some, however, fly higher into the air and may go fifty to sixty yards or more before 
dropping to the ground. Birds take a heavy toll of them, as well as lizards, toads and 
other insectivores and predacious insects such as praying mantids, carabids and ants, 
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to say nothing of scorpions, spiders, centipedes and other members of the cryptobiotic 
fauna. 

As soon as a female alate settles she runs a little way and then all her wings 
suddenly drop off. The action is so quick it is impossible to follow it with the eye, but 
I believe she presses the tips of her wings on to the ground and causes them to break 
off at the line of weakness near the base. The wing bases, or wing scales, as they are 
called, remain on her thorax for the rest of her life and they are the mark of the 
primary or macropterous reproductive (fig. 4 @ and 6). As soon as she has deprived 
herself of her wings she raises the tip of her abdomen—in fact, this action may assist 
in the removal of the wings. j 

In the meantime, other females and males have settled on the ground and herbage 
in the vicinity and dropped their wings, and they run about, the females with the tip 
of the abdomen raised and the males obviously seeking eagerly. It is believed that the 
females give off a scent that attracts the males, but this is not perceptible to our sense 
of smell. If a seeking male is watched closely he will be seen to run a devious course 
but in the general direction of a female near him, until he touches her with his 
antennae. The pair then line up, tandem fashion, with her in front and him close 
behind, touching the tip of her abdomen with his antennae, and they move off 
together to seek for their new home. If, while they are running in this way, the male 
is held down with a matchstick, she will stop after going a short way and wait for 
him to catch up with her again. If two pairs are guided so that their paths cross, it 
is easy to manoeuvre a change of partners—the males do not mind what females they 
follow and the females also are indifferent; any partner will do so long as it is of the 
opposite sex. Copulation does not take place at this stage. 

Having found a suitable stone or haif-buried piece of wood, the female begins to 
burrow and he may or may not attempt to help. In any case, by far the greater part 
of the digging is done by her and she soon sinks a shalt beside the stone or wood and 
the two of them disappear into it. An inch or so below the surface a small chamber 
about half an inch in diameter is hollowed out, and here the pair take up their abode, 
blocking the tunnel with soil removed in making the chamber. They remain almost 
motionless in this chamber all through the winter and I do not think that copulation 
takes place until the arrival of warmer weather in the spring. 

The young queen’s abdomen swells very little if at all during this stage of her 
career. She lays some half a dozen eggs late in October or early in November, and 
the pair of them spend their time brooding over them. They do not leave the nest 
at all for food or water. I have never succeeded in bringing a pair of young primary 
reproductives beyond this stage in the laboratory; almost invariably they eat the 
eggs and sooner or later they die. The egg-eating is possibly due to disturbance 
caused by the admission of light when the pair are examined. 

Searching on the veld has revealed nests in the stages diagrammatically repre- 
sented in fig. 1 and briefly described earlier in this paper. A queen of two to three 
years of age is about 7 mm. long and her abdomen is still comparatively slender and 
white. As she grows older her abdomen increases in size and changes colour, first 
to a pale yellow, then to a deeper yellow, and finally, by the time she is about ten 
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years of age, toa rich reddish-brown. This colour change is due to the constant licking 
by the workers. The food and the home of these termites are blackened by their 
secretions and the skin of the queen is stained by their saliva. 

The queen is quite active, even an old, stout-bodied queen 15 mm. or more in 
length, can move about freely inside the nest. There is no royal cell. If the opening 
between two cells is too small for her to pass through, the workers will enlarge it for 
her. Usually she is to be found somewhere near the centre of the nest but in cold 
weather she may go deep down near the base. ‘lhe male, the so-called king, is 
generally close by her side and he takes refuge under her bulky abdomen when 
alarmed. His appearance does not change as he grows older and he seems to be 
potentially as long-lived as his partner. I have never found more than one pair of 
primary reproductives in any nest. 

Much has been written about the amazing fecundity of the termite queen, and 
some writers give her output at the rate of an egg per second, thousands of eggs a day, 
and millions per annum. ‘The primary reproductive of A. atlanticus is nothing like 
this. From about the end of April to the middle of October she does not lay at all. 
Then, when the warmer weather arrives and the building extensions to the mound 
are completed, an asymmetrical bulge on one side or the other of her abdomen 
indicates that her ovaries are beginning to function once more and she is about to 
start laying again. She lays several hundred eggs in a few days and these are carried 
away by the workers and placed in heaps; she pays no attention at all to her eggs. 
Then there comes a pause in her egg-laying and her abdomen resumes its normal 
shape. She may rest for a few days or two or three weeks before starting to lay again, 
and so it goes on throughout the summer. I believe the workers control this fluctuation 
in the egg-production because they pay much more attention to the queen while she 
is laying than when she is resting; there are more in attendance on her, licking her 
and feeding her, and they probably stimulate her to lay by giving her more abundant 
food, 

When the queen is failing for any reason the workers put her to death by licking 
her. This has happened several times in my artificial nests. She is surrounded by a 
crowd of workers, all with their mouth-parts applied to her skin, and this goes on for 
three or four days, her body slowly shrinking until little more than the shrivelled skin 
is left. The remains may be eaten or they may be walled up in the substance of the 
mound. The oldest queen I have ever found was in a large mound which was at least 
thirteen years old (I had seen it grow during that period on the mountainside not far 
from my laboratory), and she was a primary reproductive, therefore the foundress of 
the colony. She was about 15 mm. long, of a rich reddish-brown colour, and 
apparently quite vigorous. 


Tue BRACHYPTEROUS REPRODUCTIVES 


About 20 per cent of the mounds broken open and examined are found to 
contain secondary or brachypterous reproductives. These queens are smaller than 
the primary queens and have four wing-pads on their backs, showing that their wings 
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have never developed and that they have not been able to leave the mound on a 
nuptial flight (fig. 5 @). Their eyes are smaller and head, thorax and abdominal 
tergites are not as strongly chitinized as those of the primary reproductives. The 
brachypterous males, on the other hand, are slightly larger than the primary males, 
but otherwise they resemble their mates. The wing-pads of these brachypterous 
reproductives vary in size, some being larger than others (cf. fig. 5 aand 6). Asa rule 
there are a nurnber of them present in a nest and I have counted as many as thirty-five 
queens and twenty-nine males from one nest. On one occasion I found a nest with 


Fic. 5. Brachypterous and Apterous Reproductives. a, secondary queen. 
6, secondary king. c, nymph in antepenultimate instar. d, tertiary queen. 
e, tertiary king. All drawn to same scale. 


only one secondary queen and over forty males; apparently something had gone 
wrong with the economy of this mound. Only once have I found a nest where a 
primary queen was present with the secondary queens, and she was old and feeble: 
probably her life had been spared a little longer than usual. I have found secondary 
kings in a nest with a primary queen, but I have not come across any case of a primary 
king with secondary queens. 

These substitution reproductives obviously appear in a nest when the original 
pair die or fail for some reason or other. Their origin is of considerable interest, and 
conflicting theories have been put forward to account for them; these are briefly 
discussed below. Unfortunately, I have failed in all my attempts to produce substitu- 
tion reproductives in my artificial nests. Although I have removed the kings and 
queens from flourishing colonies and left them with the other castes in all stages of 
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development, no secondary or tertiary reproductives have appeared and the colonies 
have died out. 

Among the sexual nymphs mentioned in the previous section there are some that 
differ from the others. Normally, a nymph destined to become an alate and in the 
penultimate stage has wing-pads that are about two-thirds as long as the abdomen 
and it is white. There are some nymphs, however, whose wing-pads never grow 
longer than about one-third of the length of the abdomen, and their abdomens become 
dark grey, showing that they are taking solid food. Also, the eyes of these nymphs do 
not darken whereas those of the nymphs with the long wing-pads do. These grey 
nymphs with short wing-pads may be found in a nest at almost any time of the year, 
and I believe they are in a special stage of development and are being kept in reserve, 
for conversion into brachypterous reproductives should the need arise. They seem 
to be arrested at the antepenultimate stage and to be given coarser food than the 
other nymphs, yet they grow to the same size as the nymphs with the long wing-pads. 


THe Aprerous REPRODUCTIVES 


In only two nests out of the many I have opened in the course of my investigations 
have I found tertiary or apterous reproductives. In both cases the colonies were few 
in numbers, although they were found in large mounds, which were mainly empty 
or occupied by intrusive ants. Young stages of workers and soldiers were present, 
but there were no sexual nymphs. In the one nest I found two apterous queens and 
a king and in the other a queen and a king, but there may have been more. They 
are not much larger than the workers, being only from 5 to 6 mm. in length, and they 
run actively and are very difficult to find. 

These apterous reproductives are apparently workers that have become sexually 
mature. They are quite blind and have no traces of any wings, and the head, antennae 
and mouth-parts are the same as those of the worker, only the head is more strongly 
chitinized and is brown in colour (fig. 5 d and e). The abdominal tergites are lightly 
chitinized and are pale brown. The abdomen of both the male and female is slightly 
distended, that of the female more so than that of the male. 

When placed in artificial nests the tertiary reproductives disappeared and the 
colonies soon died out. From the condition of these two nests it would seem that the 
production of the apterous reproductives is a last desperate attempt to save the colony 
from extinction and that they only appear when there are no sexual nymphs present 
that can be converted into brachypterous reproductives. 


PARASITES AND INQUILINES 


A, atlanticus has comparatively few parasites and inquilines in its nest. The 
commonest is a gamasid mite, Termitacarus cuneiformis Tragardh, that is widely spread 
and found in the nests of other species of termites as well. Oval, about 0-5 mm. in 
length, pale yellow in colour, and with a prominent spine at the hind end of the body, 
this mite is found on termites of all castes but is commonest on the queens. It is active 
and runs over the backs of the termites and jumps from one to the other. When a 
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worker is feeding another termite, mouth to mouth, the mite runs down and steals a 
little of the food as it passes between thgm. The mites may be found in almost every 
nest that is examined but they are never very numerous and seem to do no harm. 
The termites tolerate them and make no apparent effort to get rid of them. 

Frequently termites may be seen with small, hemispherical red excrescences on 
their heads and other parts of the body, each about 0-25 mm. in diameter. They may 
be found at almost any time of the year but are commonest in the autumn. Sooner 
or later they appeared in all my artificial nests and became so numerous as to cover 
almost completely the heads of the termites and to be thickly dotted over their bodies. 
These are hypopi of the Tyroglyphid mite, Cosmoglyphus kramerii Berlese. This mite 
has been taken repeatedly from termite colonies of different species and the adults are 
also found in decaying vegetation. The mites use the termites only as a means of 
transportation in the hypopal stage and they seem to do little harm, except when they 
become so numerous as to impede the movements of their hosts. The adults have 
strongly rounded, hard red backs and I find them in my nests feeding on dead and 
decaying termites and other debris. 

During the summer months white muscid larvae may be found in some mounds. 
They are very small in November and reach full size by the end of April, when they 
are 13 to 15 mm. in length, pointed at the front end and rounded behind (fig. 6 6). 
There may be two dozen or more in a nest, or only a few or none at all. They creep 
about freely from cell to cell and can squeeze themselves through very small holes. 
The termites tolerate them and lick them and the workers feed them with regurgitated 
food, in fact they treat these larvae very much as they treat their queens and they 
seem to get some exudation from them of which they are fond. The cephalo- 
pharyngeal skeleton of the head and the tracheal system are those of the Cyclorrhapha 
(fig. 6 d and e). 

At the end of April or early in May the full-grown larvae make their way towards 
the exterior of the mound and burrow into the wall, where each forms an oval cell 
for itself in which to pupate, just beneath the surface. Here they change into typical 
puparia, oval, dark reddish-brown and about 11 mm. long. They remain in this state 
all through the winter and the adults emerge in September, when the surface of the 
mound has been softened by the rains and the flies can work their way out to the 
exterior with the aid of the ptilinum. The flies are difficult to rear in the laboratory 
and a large proportion of them fail to expand their wings after emergence from the 
puparia. Those with perfect wings are feeble fliers and take to flight reluctantly, and, 
as far as I am aware, they have never been taken in the field. They are 9 to 10 mm. 
in length, black with faint grey markings on the thorax and head (fig. 6 a). The only 
specimens so far known are those bred from my nests and they have proved to belong 
to a new genus and species of the Sarcophaginae, Termitometopia skaifei Zumpt (1952). 
Nothing is known about the oviposition of this fly. 

A species of termite, Termes winifredae Snyder and Emerson is frequently found as 
an inquiline in the mounds of A. atlanticus. It can be recognized by the extraordinary 
jaws of the soldiers, which are very narrow, longer than the head, slightly curved, 
black, and they seem to be quite useless as weapons of defence. The colonies of this 
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species are always small in numbers and the insects do not seem to interfere with their 
hosts. They take up their abode in cells abagdoned by A. atlanticus or in cells which 
they excavate for themselves in the wall of the mound. There are no connecting 
passages between the home of the inquiline and the cells of the host. If a mound is 
broken open and the two species mingle they fight fiercely, but the Termes soldiers 
* with their ludicrous mandibles are no match for the Amitermes soldiers. T. winifredae 
; never seems to build a home for itself; I have only found it in the mounds of 
A, atlanticus. 

A small spring-tail (Collembola) of unidentified species, white and about 1 mm. 
in length, is very common in the nests of A. atlanticus. It runs about freely in the cells 


Fic. 6. Termitometopia skaifei Zumpt. a, adult fly. 6, larva. puparium. 
d, cephalo-pharyngeal skeleton of larva. e¢, hind spiracles of larva. 


and the termites seem to ignore it completely. Young stages as well as adults are to 
be seen, and they are probably scavengers. Finally, several different species of ants 
take up their abode in cells near the outside of the mounds if they get the opportunity, 
mainly for the shelter so afforded, but they will seize any termites they can for food. 


I have not found the interesting ants, Carebara species, at Hout Bay. 


THE ORIGIN OF POLYMORPHISM 


The origin of the castes among termites offers a fascinating problem and has 
given rise to much discussion. Briefly stated, the problem may be put as follows: 

1. Does the termite queen lay different types of eggs—worker-producers, 
soldier-producers and reproductive-producers? In other words, are the various castes 
determined by hereditary factors? 
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2. Or does the termite queen lay only one type of egg (male and female), and 
are the castes determined by environmental factors as the insects develop, principally 
by differential feeding ? 

Thompson (1917), Imms (1919), Snyder (1926) and others uphold the first of 
these alternatives; they support what is known as the theory of intrinsic causes. On 
the other hand, Grassi and Sandias (1897), Holmgren (1909), Jucci (1924) and others 
maintain the theory of extrinsic causes and believe that the castes are determined by 
feeding only. Silvestri (1903), Escherich (1909) and others believe that the truth lies 
in a combination of both theories, that differential feeding provides the stimulus for 
the development of inherited characteristics of the various castes. 

Castle (1946) has reported some striking experiments on caste differentiation in 
the Californian damp-wood termite, Zootermopsis angusticollis Hagen, and he puts 
forward a general theory of caste differentiation which may be summarized as follows: 
All nymphs at the time of hatching bear three sets of potentialities to the same degree, 
namely, the reproductive potentiality resulting in sexual maturity, the alate poten- 
tiality which results in the assumption of the winged form, and the soldier potentiality 
which results in the development of long mandibles, large head, etc. (There is no 
worker caste in <. angusticollis.) 

He also accepts the inhibition theory put forward by Pickens (1932). According 
to this theory, a substance secreted by the queen, possibly of the nature of a powerful 
hormone, is obtained by the workers when licking her and is spread throughout the 
colony by communal feeding, and this inhibits the development of the sexual organs 
of all the other members of the community. When she dies or is removed this 
substance no longer circulates and other members of the colony can become sexually 
mature as secondary or tertiary reproductives. 

My own observations lead me to agree with Castle. I do not consider that the 
brachypterous and apterous reproductives represent separate castes, as affirmed by 
Thompson (1917), Imms (1919) and Snyder (1920). In the case of A. atlanticus the 
nymphs destined to become secondary reproductives are identical in appearance with 
the nymphs destined to become alates up to the antepenultimate instar. When they 
develop into secondary reproductives their wing-pads and eyes fail to develop further, 
but they increase in size and become sexually mature as neoteinic males and females. 
In other words, they are alates of the first form that have been prevented from growing 
up and assuming the winged form, but that have developed prematurely sexually. 
Similarly, if no sexual nymphs at a suitable stage of development are present in a nest 
when the reproductives are lost, worker nymphs in the antepenultimate instar can be 
fed and treated in such a manner that they become sexually mature as tertiary kings 
and queens. If the conversion into tertiary kings and queens has to begin at any 
earlier stage, say during the first, second or third instars, then it is possible that 
nymphs otherwise destined to become soldiers may be converted into substitution 
reproductives, because there is no visible difference between soldiers and workers up 
to the third instar. It seems certain that nymphs in the penultimate instar cannot be 
changed because you never find secondary kings or queens with the long wing-pads 
of this stage. 
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If the theory of intrinsic causes is true, if the castes are determined by hereditary 
factors transmitted through the eggs along Mendelian lines, as suggested by Imms 
(1919), then the different castes should appear in more or less well-defined proportions 
in all colonies. But this does not happen. You never find sexual nymphs, with wing- 
pads on their backs, in young or weak colonies of A. atlanticus; they only make their 
appearance when a colony is strong and flourishing. Castle (1946) has shown that the 
first brood of a young pair of primary reproductives of Z. angusticollis always includes 
one soldier and one soldier only, and that, if this is removed, another soldier is at once 
produced to replace it. It is difficult to see how this could happen if the caste is 
determined by hereditary factors, unless the queen is able to select the type of egg 
she is about to lay and can deposit a soldier-producing egg as required—but this would 
seem to be quite impossible. 

If the secondary and tertiary reproductives are separate castes, determined by 
heredity, then individuals of these castes must be kept in reserve in a colony at all 
times, ready to be converted into substitution kings and queens if the need arises. 
But if nymphs capable of developing into secondary reproductives are present, there 
would seem to be no need at all for the tertiary caste. The observed facts are more 
simply explained if we assume that the secondary reproductives are derived from 
nymphs that would normally develop into alates but that have been given special 
treatment that causes them to become sexually mature before reaching the adult state. 

Similarly with the tertiary reproductives. They appear very rarely, apparently 
only when there are no sexual nymphs in the nest, and they have all the characteristics 
of a worker, except for their functional reproductive organs and pigmented chitin. 
Here again it seems reasonable to assume that they are derived from ordinary worker 
nymphs that have been converted into tertiary kings and queens because no other 
forms of reproductives were available. 

My study of A. atlanticus leads me to agree with earlier investigators who assert 
that the termite queen lays only one type of egg and that the castes are determined by 
extrinsic causes and not by hereditary factors conveyed in the eggs. All the newly 
hatched young have the potentiality of growing up into winged, sexual individuals, 
but the great majority are so treated that they develop into the stunted males and 
females with vestigial reproductive organs that we call workers. About 5 per cent 
of them are given some modjfied form of treatment, about which we know nothing, 
that causes them to develop into soldiers. When conditions are favourable a number 
are allowed to grow up normally into alates that leave the colony to found new nests 
elsewhere. If an emergency arises, immature nymphs can be converted into neoteinic 
reproductives called secondary and tertiary kings and queens. The inhibition theory 
postulated by Pickens (1932) may be the correct explanation of some of these develop- 
mental changes, but it needs further investigation before it can be regarded as 
established. The evidence brought forward by Thompson (1917 and 1922) to prove 
that the various castes can be recognized in newly hatched termites is not convincing, 
in my view, and much more work must be done before we can reach any reliable 
conclusions concerning this fascinating problem. If the theory of extrinsic causes is 
true—and it fits in better with what is known about caste determination among social 
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bees and ants than does the theory of intrinsic causes—then termites can do amazing 
things by differential feeding and we have a great deal to learn from them. 
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MINUTES OF PROCEEDINGS, 1953 


COUNCIL FOR 1953 


President: S. H. Skaife, M.A., M.Sc., Ph.D., F.E.S. 
Hon. General Secretary: W. J. Talbot; Hon. Treasurer: N. Sapeika; Acting Hon. Editor of Transactions: 
A. M. Talbot; Hon. Librarian: E. Newbery; Other Members of Council: R. S. Adamson, D. Burnett, 
W. J. Copenhagen, A. J. H. Goodwin, S. H. Haughton, W. E. Isaac, W. J. Lutjeharms, R. H. Stoy, 
C, van Riet Lowe. 


REPORT OF THE HONORARY GENERAL SECRETARY FOR 1953 


The Anniversary Meeting, the Annual Meeting, and seven Ordinary Meetings were held during 
the year at The Athenaeum, 154 Camp Ground Road, Newlands; the Ordinary Meeting in September, 
held as a joint meeting with the South African Association for the Advancement of Science and the 
Association of Professional Scientists of Southern Africa, and a special joint meeting with the Associa- 
tion of Professional Scientists in October were held at the University of Cape Town. 


The following papers were read: 
. ‘Some investigations into the immunity to common mould infection exhibited by certain mammals’, 
by K. H. Schiitte and R. H. Simons. March 18, 1953. 
. ‘A new species of echiuroid worm (Ochetostoma capense) from the Cape Province, South Africa’, by 
C. M. Jones and A. C. Stephen, communicated by J. H. Day. March 18, 1953. 
3. ‘The prehistoric site at Cape Hangklip’, by R. P. Gatehouse. March 18, 1953. 
. ‘Diurnal pH fluctuations in some South African vleis and their significance’, by K. H. Schiitte and 
F. F. Elsworth. May 20, 1953: 
. ‘The ecology of South African estuaries, Part VI: The Milnerton Estuary’, by N. A. H. Millard 
and K. M. F. Scott. June 17, 1953. 
. ‘Notes on the phytogeography of the flora of the Cape Peninsula’, by R. S. Adamson. August 19, 


1953- 

. ‘The effect of riparian vegetation on water-loss from an irrigation furrow at Jonkershoek’, by 
H. B. Rycroft, communicated by W. J. Talbot. November 18, 1953. 

. ‘Ovipositor development in the female bitterling (Rhodeus amarus Bloch) as influenced by the 
reversion of the season and by the presence or absence of males and/or mussels’, by J.J. Duyvené 
de Wit, communicated by S. H. Skaife. November 18, 1953. 


Six lectures were delivered before the Society: 
. ‘The clinical applications of the results of studies of the thyroid and pituitary glands’, by I. Schrire. 
April 15, 1953- 
. ‘The structure of our own and other galaxies’, by Arthur D. Code. May 20, 1953. 
. ‘Cosmic ray research and its contribution to nuclear physics’, by J. W. F. Juritz. June 17, 1953. 
. ‘Field studies of insect behaviour’, by N. Tinbergen. September 16, 1953. 
. ‘Blood groups and sickle cells’, by O. E. Budtz-Olsen. October 2, 1953. 
. ‘Host/parasite relations in Loranthaceae’, by D. Thoday. October 21, 1953. 
At the Annual Meeting the following were elected to Fellowship of the Society: 
BERNARD Epwin BEATER, B.SC. (S.A.), D.SC. (PRETORIA) 
in recognition of important research in soil chemistry. 
CuristinE GILBERT, B.SC., M.SC., D.SC. 
in recognition of distinguished research in physiology and physical anthropology. 
IstipoRE SCHRIRE, M.A., PH.D., M.B., CH.B. (U.C.T.), M.R.C.P. (LOND. & EDIN.) 
in recognition of research in endocrinology and its applications in clinical practice. 
MARINUS VAN DEN ENDER, M.B., CH.B. (U.C.T.), PH.D. (CANTAB.) 
in recognition of outstanding research in bacteriology and particularly important work on scrub 
typhus and on the development of a scrub typhus vaccine. 
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The deaths of Dr. C. W. Mally, a Fellow since 1917, and Alpheus Williams, a Member since 1922, 
are recorded with deep regret. 

At the end of 1953 the number of Fellows was go, and there were 194 Members, including 12 new 
Members elected during the year. 

The Council wishes to express the thanks of the Society to the Secretary for Education, Arts and 

Science for a grant of £400 for the year 1952/3 and to the Council for Scientific and Industrial Research 
and the Universities of Cape Town and the Witwatersrand for contributions towards the costs of 
publication of papers communicated to the Society. The Council also wishes to express cordial thanks 
; to all who responded to its appeal for voluntary contributions towards the Society’s funds which have 
J been so seriously taxed by the steep rise in publication costs in the last few years. 
Invitations were received to send representatives to the meetings of the Australian and New 
: Zealand Association for the Advancement of Science at Canberra in January, 1954, the Eighth Inter- 
‘ national Botanical Congress at Paris in July, 1954, the Second Pan-Indian Ocean Scientific Congress 
at Perth, Western Australia, in August, 1954, and the International Congress of Mathematicians at 
Amsterdam in September, 1954. 

The Marloth Award for 1951 was made to E. Newbery for his paper, ‘Residual Currents’, and } 
the Award for 1952 was made to M. A. Pocock for her paper, “Two multicellular green algae, Volvulina 
ap Playfair and Astrephemone, a new genus’. 

The total number of institutions on the Society’s mailing list at the end of 1953 was 273 (including 
: 20 annual subscribers and 24 standing orders). 

From the Society’s library 226 periodicals and 536 books were issued during the year. 

The Council gratefully acknowledges receipt of a number of books and periodicals from various 
donors. 

W. J. TAavsor, 
Hon. General Secretary. 
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Reserve for publication of Index 
to Transactions (CSIR grant) 

Capital Account: 
Balance at 31/12/52 
Accrued interest Post Office, 
$953. 
Accrued interest Standard 
Bank, 


Less excess expenditure 


Less transfer back to Publications 
and binding reserve 


D. B. SEARS } Hon. Auditors 


A. J. HALES 


14 
0 


15 


415 14 


1,163 18 1 


104 0 0 


£3,818 13 2 


ul 


ASSETS 


Post Office Savings Bank on current 
Savings Account . 1,241 
Standard Bank, Rondebosch 9 
Cape of Good Hope Savings Bank: 
a/c No. 86509 (General Fund) .. 519 
a/c No. 79467 (Life Fund) s 445 
Marloth Memorial Fund: 
Rand Prov. Buiiding Soc. F/D... 115 5 O 
United Building Society F/D. .. 11S 6 0 


230 
President’s Fund: 

United Building Society F/D. .. 104 
Balance at Bank, 31/12/53 oi 1,265 
Cash on hand 
Note.—The abovementioned Assets do not 

include the value of the Library and 
— of the Society held in 
stock. 


£3,818 1: 
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VOLUME XXXIV 


A NEW SPECIES OF ECHIUROID WORM (OCHETOSTOMA CAPENSIS) 
FROM THE CAPE PROVINCE, SOUTH AFRICA 
By C. M. Jones, M.Sc. 
Department of Zoology, University of Cape Town 
and 
A. C. Strepuen, D.Sc. 
Royal Scottish Museum, Edinburgh 
(With three text-figures) 
(Communicated by J. H. Day) 
(Read March 18, 1953) 
The occurrence, characteristics, and relationships of a new species of echiuroid worm, Ochetostoma 
capensis, are described. 
INTRODUCTION 


In March, 1949, some specimens of an Echiuroid from the Zwartkops River 
estuary, near Port Elizabeth, were received at the Royal Scottish Museum. On a 
preliminary examination the Echiuroid seemed to be undescribed. Further specimens, 
specially collected and preserved, were taken in January, 1950, together with notes 
on the distribution, colours of the animal in life and a series of body measurements. 
We are thus enabled to give a description of this new species. 


Ochetostoma capensis sp. nov. 


OccuRRENCE 


At Zwartkops River Ochetostoma capensis has been taken among the burrows of 
Upogebia africana, in different localities as far as 2} miles from the estuary mouth. 
Possibly it occurs even farther upstream. It is fairly common but patchy in occur- 
rence; on one occasion in January, 1950, forty animals were found close together, 
and no others were dug up over an area of almost 100 square yards. 

During recent ecological surveys, conducted by Professor Day of the University 
of Cape Town, the new species has also been recorded from Durban Bay. Several 


VOL. XXXIV, PART II. 


>» 
= 
: 


274 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


specimens were brought up by a suction dredger operating in the channels of the 
bay. The species has been recorded again from Langebaan Lagoon, on the western 
coast of the Cape Province, where a single specimen was dug out of soft sand. Thus 
the littoral distribution stretches from the cold waters of the western coast to the 
sub-tropical Indian Ocean. 

Hasits 


At Zwartkops River the animals burrow to a depth of six to eight inches, among 
Upogebia africana and an occasional Solen capensis, in black, sandy mud. The burrows 
are U-shaped with the two vertical arms, on the average, five or six inches apart. 
On digging through the mud at low tide, worms were most frequently disturbed in 
the horizontal portion of the burrows. Young individuals were commoner towards 
the low-tide mark, while the largest individuals were encountered a little below 
mean sea-level. 

The small crab, Thaumastoplax spiralis Barnard, is consistently present in the 
burrows, being no doubt a commensal of the worm. 


Cotour LIFE 


The following notes have been made from fifty specimens examined immediately 
after removal from burrows. The colour of the proboscis varies from cream, through 
different shades of cream-yellow, to light orange. The posterior end of the body is 
pale grey to cream; likewise the lines of the longitudinal muscle bands, visible 
through the body-wall. The main body surface shows great variation in colour, 
from dark grey-brown to purple-brown; in bright sunlight the purple-brown colour 
appearing burgundy. Small individuals are usually redder, perhaps due to the 
greater transparency of the body-wall. In all cases, differences in the state of the 
blood pigment might play some part in altering the general body colour. 


SHAPE 


The body is cylindrical or sausage-shaped and typically widest at the posterior 
end, but there are considerable fluctuations in the general shape according to the 
state of muscular contraction. The posterior end is often characterized by an apical 
projection. In the preserved state the body tends to contract at both ends (fig. 1). 


AVERAGE MEASUREMENTS IN LIFE 


The following measurements have been made upon living animals, both in an 
extended and a contracted condition: 


Taste I. AVERAGE MEASUREMENTS IN MILLIMETRES 


EXTENDED CONTRACTED 
Large Small Medium Large Small Medium 
Body length 100~120 60-70 80-100 60-70 20-25 30-40 
Proboscis length 30-40 20-30 20-30 5-10 2°5 5 


Body diameter 10-15 5 7 15-20 7°5-10 10-15 
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1AM. 


Ochetostoma capensis: complete specimen. 


Ochetostoma capensis: proboscis, showing plate-like sculpturing of the ventral edges when 
contracted. 


One of the ventral setae with an additional seta developing beside it in the connective tissue. 
Drawn from a mount in glycerine jelly. 
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In the preserved specimens the proboscis is an eighth of the body length. From 
the measurements in life, however, it may be seen that, when contracted, the 
proboscis is from a twelfth to a sixth of the body length; when expanded, it is a 
quarter to a third of the body length. 

The ventral edges of the proboscis are crenate when extended. On contraction 


they are folded in a tight series of transverse ridges (fig. 2). 


ANATOMY 


(i) Papillae. The body is thickly covered with papillae, especially on the ventral 
surface, at the anterior end (fig. 2), but their numbers decrease rapidly towards the 
posterior end. From being large and closely packed anteriorly, they become smaller 
and dispersed in rows throughout the middle of the body, while the posterior quarter 
of the body has relatively few papillae. 

(ii) Muscle bands. The longitudinal muscles are gathered into bundles of 
varying thickness. There are usually seven strong and conspicuous bands, with a 
few weakly developed ones between them (fig. 1). The number of such intermediate 
bands which are distinct is usually only two or three, but in one or two specimens 
one of these intermediate bands is as well developed as the seven main bands. The 
muscle bands are usually most conspicuous at their ends, and in some of the specimens 
are almost invisible in the middle region of the body. 

(iii) Blood Vascular System. The blood-vessel dorsal to the oesophagus is dilated 
in the anterior region of the intestine, where it forms the characteristic intestinal ring 
vessel. From the ring a connective vessel unites the dorsal with the ventral vessel, 
which follows the nerve-cord. The connective vessel is ‘at first split into two. The two 
halves subsequently unite and form a loop about the interbasal muscle of the setae 
before joining the ventral vessel. 

(iv) Nephridia. There are two pairs of anterior nephridia, usually half to three- 
quarters the length of the body, but sometimes quite short. The openings are behind 
the ventral setae, and the lips of the nephrostomes are extended, as usual, in long 
spiral coils. 

The anal vesicles appear as two long, thin, brown tubes of variable length, 
from one- to three-quarters of the body length. There are minute funnels scattered 
over the surface of the vesiclés, and these are more numerous towards their free ends. 

(v) A Rectal diverticulum is present. 


VENTRAL SETAE 


As usual two hook-like setae are present on the ventral surface. When dis- 
sected out, each is seen to have the normal shape, and to consist of a long, straight 
shaft with a curved terminal blade. The blade is flattened in the middle, curved 
through about a right angle towards the tip and the anterior portion is set slightly 
askew. The shaft is a dark straw colour. The blade is dull at the base, but bright 
golden yellow in its anterior portion. The shaft and much of the blade are strongly 
marked by concentric rings. On mounting in glycerine jelly, the setae underwent 
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contraction, the shaft became transparent and sometimes bent, and the concentric 
rings were much more marked. 

Each seta is supported by eight to ten radiating muscle strands, with several 
finer strands among them. An interbasal muscle connects the bases of the two 
setal shafts, which are hollow and themselves transversed by muscle fibres. These 
fibres appear to extend through the seta as far as the flat portion of the blade and 
probably control the blade, which thus seems to have a certain degree of mobility. 
The ventral setae in this species, at least, would appear to be complex structures 
and require further investigation. 

A second pair of setae is frequently found developing beside the functional 
ones. They may be encountered in various stages of development. Sometimes there 
is only an additional blade, with a rudimentary portion of the shaft; sometimes both 
a blade and long shaft are present in the muscular tissue beside the primary seta. 
In the latter event it appears almost as though there were two pairs of functional 
setae, the additional ones being somewhat smaller and shorter than the original. 

The formation of new setae suggests that these structures are being continually 
replaced, and this again is an indication that the ventral setae are of more importance 
than is usually assumed. Fisher (1946) refers to a similar formation of new setae in 
Echiurus echiurus subsp. alaskanus (p. 225), and in Uvechis caupo (p. 268). In a number 
of specimens of Thalassema steinbecki the hook of the seta is described as ‘worn off’ 
(p- 232). 

RELATIONSHIPS 


Of the species of Ochetostoma having eight longitudinal muscle bands and two 
pairs of nephridia, the most nearly related to O. capensis seem to be O. arkati and 


Taste II. Comparison or species O. CAPENSIS, O. ARKATI ann O. FORMOLOSUM 


O. capensis O. arkati O. formolosum 


Longitudinal muscle Of varying thickness. Of uniform thickness. 7 or 8 in number. 
bands. Usually 7, occasionally 8 in number. 


8 strongly developed 
bands, two or three 
weaker bands. 


Body shape. No annular thickening Annular thickening at No annular thickening 
at the posterior end. the posterior end. at the posterior end, 

Arrangement of Largest and most Body covered’ with Papillae scattered 

Papillae. numerous, anteriorly, minute papillae, larger uniformly over body. 


falling off and forming anteriorly, very minute 


rows in middle region. 
Few papillae over last 
quarter of body. 


in the middle of the 
body, forming an anal 
ring posteriorly. 


Nephridia. A half to three-quarters Almost aslong as body. Less than half body 
length of body. length. 

Anal vesicles. Variable, one- to three- One-third length of Broad and sac-like. 
quarters length of body. body. 

Proboscis. Ventral margins much Ventral margins bear No gill-like structures 


folded on contraction. 
No gill-like structures. 


gill-like structures. 


on ventral margins. 
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O. formolosum. O. arkati is described by Prashad (1935, p. 41) from Sandheads at the 
mouth of the Hooghly, Bengal; O. formolosum by Lampert (1883, vide Fisher 1946, 
p- 243) from the Philippines and Shanghai. All three species are closely related, but 
the differences seem sufficient to justify their being kept apart. Resemblances and 
differences among them may be summarized as shown in Table II. 

O. octomyotum Fisher (1946, p. 241, pl. 21, fig. 3; and pls. 23, 24) from the coast 
of California, resembles the species compared above, but differs in lacking an inter- 
basal muscle uniting the ends of the setae. It differs from capensis in having the 
longitudinal muscles constantly eight in number and in having both longitudinal 
and oblique muscle more clearly delimited (pl. 23, fig. 2). 
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THE ECOLOGY OF SOUTH AFRICAN ESTUARIES 


Part VI: MILNERTON EsTUARY AND THE Diep River, Cape 


By N. A. H. Mitiarp anp K. M. F. Scorr 
Department of Zoology, University of Cape Town 
(With eight text-figures) 


(Read June 17, 1953) 


Section A describes the topography and physico-chemical characteristics of the Milnerton river 
system. Slightly brackish water from the Diep River flows into the shallow basin of Riet Vlei and 
from there escapes through Milnerton Lagoon into the sea. The estuary is open to the sea during winter 
and spring and is closed by a sand-bar in summer. In late summer Diep River and Riet Vlei dry up, 
the Lagoon becomes hypersaline and a reversed salinity gradient is established. The interaction of the 
various physical factors is discussed. 

The biotic divisions of the system are discussed in Section B, and the fauna and flora of each part 
are described. Seasonal changes are discussed in relation to the changing environment. The fauna of 
the Milnerton river system is compared with that of other South African estuaries. An annotated 
faunistic list is appended. 
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INTRODUCTION 


The Zoology Department of the University of Cape Town is engaged on an 
ecological survey of South African estuaries. The four estuaries so far described 
illustrate the effect of four different sets of ecological conditions. Day (1951) has 
pointed out that any estuarine population is recruited from the sea and the rivers. 
The success of this colonization depends on environmental conditions, which in an 
estuary are always extremely variable. This dependence of population on environment 
was recognized throughout the survey, but the estuaries previously worked were far 
from Cape Town and it was impossible to follow seasonal or daily changes. Milnerton, 
however, is within easy reach of the University and more detailed observations were 
possible. 

From an analysis of records made during the years 1948 to 1951, two problems 
emerged. The first is the interaction of physical and chemical factors, showing that 


279 


<4 
ca 
ai 
; 
era 
: 


280 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


an analysis of the environment is a problem as fundamental and intricate as any 
concerning the population. For example, chlorinity is determined by tidal penetra- 
tion, rainfall, evaporation, etc. Evaporation in turn depends on climatic factors 
(wind velocity, humidity, temperature, etc.); tidal penetration on the geographical 
position and slope of the estuary bed, and so on, so that no one factor can be considered 
alone. 

Only when a clear picture of the environment has been obtained does faunistic 
distribution assume significance. The second problem is thus the relation of biota to 
environment. For example, the distribution of species depends among other things 
on the chlorinity range they can tolerate and the rate at which the change occurs. 

In this work one of us (N. A. H. M.) has concentrated on the physico-chemical 
environment, and the other (K..M. F. 8.) on the fauna and flora, and the two sections 
have been integrated with one another as far as possible. 
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GENERAL ACCOUNT OF THE MILNERTON RIVER SysTEM 


_ A. TopoGRAPHY 
The Milnerton river system opens into Table Bay approximately 5 miles north- 
east of Cape Town. It is fairly extensive, but only the last 2} miles receives any 
marine penetration; the term ‘estuary’ will thus be reserved for this section only. 
The estuary is fed by the Diep River, which rises in the Riebeek Kasteel moun- 
tains and drains the Malmesbury and Durbanville areas. The river has a catchment 
area of approximately 550 square miles and runs for about 40 miles in a south- 
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westerly direction, broadening out near the coast to form an extensive but shallow 
brack-water lake known as Riet Vlei (fig. 1). This lake is roughly triangular in shape 
and the maximum width is about 2 miles. The north-eastern corner receives the 
Diep River. The north-western corner lies close to the coast-line, separated from it 
by a mere 200 yds. of sand-dunes 10~30 ft. high. The southerly corner opens into 
the estuary. 

The estuary pursues a winding course more or less parallel to the coast-line and 
finally turns sharply west to the sea. It is never more than 300 yds. wide, except when 
the upper reaches are flooded in winter. 

Apart from the Diep River the only tributary is a small temporary stream 
draining flood-water from the low-lying area to the south-east. It joins the estuary 
close to the mouth. 


B. SEASONAL CHANGES 

In the south-western Cape Province the late summer is very dry and there is 
virtually no rain from January to March or even April. During this period the Diep 
River and Riet Vlei are completely dry. 

Once the river stops flowing, usually in December or early January, the waves 
build up a bar across the mouth, leaving a shallow stretch of water isolated from the 
sea except during high tides when waves wash over the top of the bar. These con- 
ditions persist through summer and autumn until the early rains in March or April 
cause the river to flow once more. The new inflow fills Riet Vlei, and causes a gradual 
but steady rise in level of the whole system. In June or earlier either the mouth bursts 
through or an opening is cut to avoid flooding. Throughout the rest of the winter 
and spring the system is open to the sea and under tidal influence. This influence 
is limited to the estuary and does not extend into Riet Vlei or the Diep River. 

This seasonal closing of the mouth is characteristic of the smaller estuaries of the 
south-west Cape Province, a region of winter rainfall and a hot, dry summer. Scott, 
Harrison and Macnae (1952) have described one example at Hermanus. There the 
river inflow roughly compensates for evaporation during the dry period, and chlorinity 
never exceeds that of sea-water to any extent. At Milnerton, however, the river and 
Riet Vlei dry completely and evaporation then boosts the chlorinity in the estuary to 
maximum values. 

In an estuary such as Milnerton conditions are rigorous in the extreme. During 
winter the whole system is scoured out by fresh water, and during summer some parts 
resemble a salt-pan. 


C. History oF THE AREA 

During historical times many changes have occurred in the Milnerton area and 
it would appear that the estuary has become shallower. Green reports that during 
the seventeenth century sailing ships entered the mouth and loaded farm produce as 
far up as Visser’s Hok on the Diep River. On the other hand parties could still cross 
Riet Vlei on foot in summer. In 1905 it was necessary to dredge the river for rowing 
regattas and at present the maximum depth in the mouth is 2-4 ft. during the rainy 
season. These changes in depth are confirmed by the discovery of deposits of Solen 
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shells 2 ft. below the surface in the north-west corner of Riet Vlei. Although this part 
of the vlei is now cut off from the sea by sand-dunes it may once have had a direct 
opening. This would account for the Solen shells and would mean that Riet Vlei was 
once an estuary and not a brackish vlei as it is now. 

A further change has occurred near the mouth. Older maps show a substantial 
tributary draining an extensive marshy area in the Brooklyn-Heatherton district; 


= asco 
t= AcE 
COURSE 


@ OBSERVATION STATIONS 
=== ROAD 
--- FOOTPATH 

RAIL 

CONTOUR CFEET) 


Fic. 2. 

Enlarged map of the estuarine part of the system. Depths are 
included as they were recorded on 4/12/50, when the mouth was 
practically closed and no tide running. The water-level on this date 
(for comparison with fig. 6) was 20 in. above M.S.L. 


> 
= | 
le = Jn 
» 
KING GEORGE = 
' sioncg * = 
Ad 4 LY 
” 
2t MILNERTON ST. 
2 4 wap ROCK 
2 
“ya 2 ry > 
MOUTH OFLU ; 
© 250 $00 750 1000 
ao ’ YAROS 
a 
war 


284 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


this linked up with the delta of the Salt and Black Rivers, cutting off a piece of land 
known as Paarden Island. In recent years the district has been largely reclaimed, 
and the tributary reduced to the small seasonal stream mentioned on p. 282. 


D. OBsERVATION STATIONS 


Records were taken at stations which were accessible by road and thought to be 
characteristic of a particular area. They are marked by circles on figs. 1 and 2; for 
ease of reference they are named as follows (distances given include the windings of 
the river) : 

Sration 1. The mouth of the estuary. (When the mouth was closed, the seaward edge of the enclosed 
stretch of water.) Just within the mouth the remains of an old weir and a rocky embankment 
provided a convenient spot for water-level measurements. 

STATION 2. Mailnerton Bridge: } mile from the mouth. Here tidal influence is marked. 

Station 3. Aing George Fort: 14 miles from the mouth; the upper limit of any marked tidal influence 
and permanent water. Upstream the bed consists of seasonal channels meandering between 
muddy islands. 

Sration 4. The Race Course: 2 miles from the mouth; the upper limit of the estuary proper with no 
obvious tidal effect and with extreme seasonal changes. In winter a fast-flowing channel winds 
through broad, muddy flats, in summer only isolated pools or a dry, salt-encrusted bed remains. 


Sration 5. Riet Vlei: The station chosen is 3} miles from the mouth on the eastern bank of Riet Vlei. 
The latter is dry in summer but filled with shallow, brackish water in winter. Other parts of the 
vlei were also visited when possible. 

Station 6. Blaauwherg Bridge: 44 miles from the mouth, on the lower reaches of the Diep River, which 
is never more than a few feet deep and is dry in late summer. 

Station 7. Visser’s Hok: 84 miles from the mouth, on the Diep River. It is over 25 ft. above sea-level 
and thus beyond any possible marine influence. 


Section A: THe Puysico-CHEMICAL FACTORS 


1. THe SusstRATUM AND TURBIDITY OF THE WATER 

The composition of the substratum and banks varies along the length of the 
system. The estuary runs between sandy flats and dunes, but the farmlands of the 
catchment area consist of clayey soils formed from decomposed Malmesbury slate. 
During the winter rains erosion is considerable, and the silt is carried in suspension 
by the river, which is then turbid and yellow-brown. At this time a 6-in. Secchi disc 
is invisible at a depth of 1-3 in. The silt is extremely fine and partly colloidal. A litre 
of water takes several days to filter, and the filtrate is still yellow and cloudy. This 
colloid, however, can be deposited by the addition of NaCl. 

Much of the silt is deposited on the bed of the system. This is assisted by reed- 
beds which act as filters (as in Riet Vlei), or by the salt brought in by the tides which 
has a flocculating effect. Thus winter Secchi disc readings (Table I) show an increasing 
clarity of the water nearer the sea. This can be compared with a corresponding 
increase in chlorinity (Table III). The tidal difference in turbidity is well illustrated 
in the data for 23/10/51. 

The position at which the silt is deposited also depends on the time of the year. 
During floods large quantities may be carried out to sea. From December onwards, 
when the river-flow ceases and salinities rise, most of the silt is deposited within the 
river and vlei, and the region near the mouth is fairly clear. However, much depends 
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Spring Winter Summer 


28/9/49 23/10/51 14/6/50 4/12/50 


. . 13 17 25 10°3 
Blaauwberg Bridge . 4 12 25 >6 
Race Course. . . . 9 4 

H.W. 
King George Fort . 3 It 9°5 85 
Milnerton Bridge. . . 6 12 >22 8 
Mouth Area . 24 18 44°5 96 


Taste I. The turbidity of the water at different seasons. The figures represent 

the depth in inches at which a 6-in. diameter Secchi disc disappears from sight. 
on local conditions, and the silt is easily stirred up by wind or even by movements of 
fish. 

The silt is responsible for the muddy banks and bed found from Visser’s Hok to 
Milnerton Bridge. Cores taken in the bed show a layer of mud from 2 to.14 in. thick 
overlying firm, coarse sand. Nearer the mouth, tidal currents discourage settlement 
of mud and the substratum is firmer. At the Old Weir there is a treacherous bottom 
of shifting sand mixed with mud. Still closer to the mouth the proportion of mud 
decreases and firm sand-banks occur. This mouth area is very variable. In winter 
flood-water scours out a channel which varies in position from year to year, and low, 
sandy islands are exposed at low tide. In summer the waves build a bar across the 
mouth and the channel is silted up. 

A rocky substratum is absent, except where stony embankments or bridge pylons 
have been constructed; on these the tubicolous polychaet Mercierella enigmatica is 
abundant. Large masses of its calcareous tubes also lie unattached in the mud; 
between King George Fort and Milnerton Bridge they simulate a rocky bottom and 
give the appearance of rapids when the river is flowing fast. 

On the whole Milnerton is a muddy estuary, due chiefly to the nature of the soil 
in the catchment area and poor farming methods. 


2. TipAL INFLUENCE 

When the mouth is open in the second half of the year a small tidal range has 
been recorded as far up as King George Fort (Table II). The estuary bed is roughly 
at mean sea-level and at the mouth the range is only 3 to 10} in. It is still less higher 
up. Variations depend on the height of the bar. 


Mouth Area Méilnerton King George Race 


(Old Weir) Bridge Fort Course 
1/9/48 (2 days before Springs). . 3 
5/12/49 (Springs) . . St 18 
g/10/50 (2 days before 9t 1} 
24/10/50 (1 day before _ : ot 9 8} 
23/10/51 (Neaps) . . . 9 44 


Taste II. Tidal range in inches when the mouth was open. 
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From the Race Course to the exit of Riet Vlei no change in the direction of the 
current has been observed, but occasionally there is a small rise in level (14 in. on 
9/10/50), apparently due to damming up of river water. No tidal change has been 
observed in Riet Vlei so presumably it receives no salt water from the sea. 

The crest of the tide travels slowly up an estuary and there is usually a lag in the 
upper reaches. Again, the duration of the ebb is normally longer than the flow. In 
many South African estuaries where the bar is above the low-tide mark a further 
factor applies. The sea cannot enter until its level is higher than the bar and during 
this period estuarine water continues to run out. The duration of the ebb is thus 
prolonged. 

These conditions are well illustrated at Milnerton. Within the mouth the high 
tide is about one hour, and the low tide about four hours, later than in the sea. Thus 
the flow lasts roughly three hours and the ebb nine hours. 

Farther up the exact turn of the tide is more difficult to judge, but the delay is 
certainly more pronounced. At King George Fort, the high tide is delayed approxi- 
mately another twenty minutes and the low tide another forty-three minutes in a 
distance of 14 miles. This means that the duration of the ebb is longer farther up the 
estuary. 

These observations apply only to the surface water where a change in the current 
can easily be seen. There is a possibility, as described by Harvey (1945) for the Tees, 
that the flow is stronger and of longer duration in the deeper layers, but since the 
water is shallow and since changes in current were checked against changes in level, 


this is unlikely. 


3. CHLoriniry or WATER 

Chlorinities were determined by titration with silver nitrate (Table III). For 
values within a normal range, i.e. 0—23°5°/99, corrections were applied by means of 
Knudsen’s tables and results are accurate to one decimal place. Values above 23°5°/o9 
are beyond the range of Knudsen’s tables, so no corrections were applied and results 
are expressed to the nearest whole number. Chlorinities were not converted to 
salinities, as the proportion of salts in the samples was not always similar to that in 
the sea. 

The enormous seasonal range in chlorinity is remarkable, in some parts of the 
estuary conditions change from almost fresh water in winter to pools of brine in late 
summer. The range increases from the mouth, where tidal mixture and greater 
volumes of water have a stabilizing effect, to the Race Course where conditions are 
extreme, and a maximum chlorinity of 198°/9, was recorded in February, 1950 (fig. 3). 

Not only is the range of chlorinity important, but also the rate of change, for 
many animals can survive a large change if it is sufficiently slow. In this respect there 
are tidal changes and seasonal changes to be considered. 

Tidal changes in chlorinity occur in the estuary proper (Table IV). The maxi- 
mum recorded rate of change was 4°8 grams per litre per hour (or salinity change of 
8-6 g.p.l.p.h.) on 24/10/50, a spring tide, but the rate decreases inland to nil at the 


Race Course. 
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po 
220 28 aa > 
( 12/ 1/48 22°7 23°4 26 45 6-0 
Mouth closed < 24/ 2/48 27 31 32 119 dry dry dry 
30/ 4/48 30 31 32 82 
21/ 6/48 19°0 1-0 o8 
Mouth open 1/ 9/48 o8 
{ 6/ 1/49 25 26 28 dry dry 371 
Mouth closed 4/ 5/49 33 34 15°3 
17/ 6/49 20°2 
{ 22/ 6/49 5°5 1-0 0-4 
| 9/ 8/49 4°7 o-9 o8 o-8 o8 
Mouth open 28/ 9/49 —19°5 39 o9 o-9 o-9 
| 7/11/49 17°8 1-6 o8 1-0 10 
L 5/12/49 20°0* 20°3 21°3* dry 16 18 
JS 14/ 2/5031 33 38 198 dry dry dry be 
33 33 193 dry dry dry 
14/ 6/50 10°2 6-9 26 o8 1-0 
| 30/ 8/50 9°5 1-0 1-0 
| 9/10/50 185 1-0* o-g* 1-0 
Mouth open 24/10/50 11-9* 2°3° 1-0* 
| 10/11/50 
L 4/12/50 gt 187 2°7 10 15 
Sf 14/ 2/51 24 25 | 28 138 dry ‘ 
Mouth closed 1 28) 3/51 28 29 33 dry dry dry — dry 4 
4/ 5/51 101 5°4 "7 0-9 Vl 1-0 0-9 
10/ 8/51 o7 
Mouth open 4 17/ 9/51 ‘go a3 | oF 
23/10/51 13°4* 21% | og* o-9 
Mouth open 20/ 8/52 o4 o6 | 
Mouth closed 16/2/53 | go | 
Average: Mouth closed 27 29 31 113 


Average: Mouth open 35 | | 1-0 


Taste III. Surface chlorinities in gm./litre. * represents a mean of low- and 
high-tide values, otherwise records were taken at varying states of the tide. 


Although the seasonal (winter/summer) change is enormous, the rate of change 
is small and increases from the mouth to a maximum at the Race Course. Here, for 
example, the chlorinity dropped from 193 to 1°4°/99 between 12/4/50 and 14/6/50, a 
rate of o-1 g.p.l.p.h. (salinity: o-2 g.p.l.p.h.). Between 5/12/49 and 14/2/50 the 
chlorinity rose from 11-4 to 198°/g9, a rate of o-1 g.p.l.p.h. (salinity: o-2 g.p.l.p.h.). 
However, it is difficult to catch the opening of the mouth, and probably the drop in 
chlorinity when the flood-water escapes is actually more rapid. 


a 
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CHLORINITY 


DATE 
Mouth Area Milnerton King George Race Course 
Bridge Fort 

5/12/49, Surface (Springs) . ‘ 19°9-20°2 
g/10/50, Surface (2 days before Springs) 
24/10/56, Surface (1 day before Springs) 4°7-19'0 2°0-2°5 1-0-1°0 
J Surface. . ‘ 8-2-18-5 1°5-2°6 0-9-0'9 0-g-0'9 
23/10/51 (Neaps) Bottom . 18-0-19°1 1°5-2°3 


Taste IV. Chlorinity range in gm./litre over low-high tide periods in the estuary. 
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Fic. 3. 

Seasonal changes in chlorinity at 4 stations in the 
estuary. Each point is an average of values taken 
during the 4 years of the survey for that particular 
month 


These values can be compared with Bassindale’s (19436), who found a maximum 
rate of change in salinity of 5 g.p.l.p.h. in the Tees estuary, and 15°5 in the Severn. 
He found that the rate of change increases from the mouth to a maximum at some 
point inland. 

It appears that in the upper part of Milnerton Estuary the magnitude of the 
chlorinity range is more important, and in the lower part, the rate of change. 

Another feature is the regular alternation of two types of chlorinity conditions; 
namely when the mouth is open, and when closed. 

When the mouth is open in winter and spring the Diep River and Riet Vlei are 
full and chlorinities there are low (usually less than 1°5°/9)).. The estuary is tidal and 
chlorinities increase towards the mouth (Table III, averages). There is thus a normal 
chlorinity gradient. (Chlorinities at Visser’s Hok are often slightly higher than those at 
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Blaauwberg Bridge. This will be considered later.) At all stations chlorinities may 
increase towards the end of this period as the river-flow subsides and the salts become 
concentrated by evaporation. 

The closing of the mouth follows the drying-up of the source and persists through 
summer and autumn. The Diep River and Riet Vlei dry up completely although 
shallow pools with an enhanced chlorinity may persist for a while. The highest values 
recorded were 8-7°/ 9) in the north-west corner of Riet Vlei, and 6-0°/,, at Blaauwberg 
Bridge. This area is thus subject to seasonal drought, and the population must be 
adapted accordingly. 

In the estuary a shallow, isolated stretch of water persists. Additions of sea-water 
over the bar at high tide plus extensive evaporation cause the chlorinities to rise. 
The effect is most pronounced in the upper channels (Race Course) which are 
reduced to isolated pools and may dry completely (Table III). Once chlorinities rise 
above sea-values (approximately 19°/99) the additions from the sea have a diluting 
effect, and a reversed chlorinity gradient is established (Table III, averages). The highest 
values recorded were 31°/99 at the mouth, and 198°/9, at the Race Course, where the 
salt was crystallizing out. During February and March the Race Course area is 
reduced to a channel of glistening salt and fast-drying pools of brine winding through 
flat stretches of hard, baked mud overgrown with Chenopodiaceae. It is probable 
that the salt-pan referred to by van Riebeeck was located here. Finally the early 
rains of winter start the river flowing and chlorinities drop. The whole system fills 
and the mouth once more breaks open. 

In most estuaries a vertical chlorinity gradient exists in addition to the horizontal 
one, with the heavier sea-water flowing in along the bottom and the lighter river-water 
running out on the surface. At Milnerton no vertical layering has been found when 
the mouth is closed, or when little current is running. When the mouth is open and 
currents strong, a definite layering occurs in the mouth area (Table V). 


CHLorInity 


DaTE Strate oF TIDE 
Surface Bottom 
4/ 5/51 Running out 8-6 10°3 
23/10/53 JS Low. . 8-2 18-0 
High. . 18+5 1g'1 


Taste V. The vertical chlorinity layering at the Old Weir (mouth area) 
when the mouth was open. Bottom samples from depth of approx. 19 in. 


This means that animals living near the bottom are subjected to higher chlorinities 
than those near the surface, and also that chlorinities are more constant near the 
bottom. 

Vertical layering is absent from Milnerton Bridge inland, probably due to 
shallow water and mixing effects of wind. 

Although Riet Vlei and the Diep River are beyond the range of the tides, 
significant amounts of salt are present in the water. Chemical analyses show that, in 
comparison with most rivers, the Diep River is high in chloride and sodium, though 
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low in sulphate, calcium, carbonate and potassium (Table VI). Further, the propor- 
tions of chloride and sodium are greater in the upper parts (e.g. Visser’s Hok) than 
in the lower regions (Riet Vlei). Also, chlorinities are often higher at Visser’s Hok 
in the upper parts of the river than at Blaauwberg Bridge where the river joins the 
vlei (cf. chlorinities for 5/12/49, 14/6/50 and 4/12/50, Table III). This is due to the 
diluting effect of surface run-off in a tributary from the Tigerberg Hills joining the 
Diep River between the two stations (e.g. chlorinity of Visser’s Hok 1-05°/9, tributary 
0°84°/9, Blaauwberg Bridge 0-98°/99, on 26/10/50). 


VALuES AT MILNERTON VALUES FROM SVERDRUP 
Riet Vlei Diep River River-water Mississippi Columbia Colorado 
30/8/50 (Visser’s Hok) | Sea-water (weighted River River River 
23/10/51 average) 

CO,. . - 3°98 4°86 O-41 35°15 34°98 36°15 13°02 
5°03 4°94 7°68 12°14 15°37 13°52 28-61 
48°28 55°04 5°68 6-21 2°82 19°92 
« 1-60 0°49 
2°40 2°76 20°39 20°50 17°87 10°35 
Mg. . . 3°78 0-29 3°69 3°41 5°38 4°38 3°14 
Na. . . 24°09 33°45 30°62 5799 8-12 19°75 
0-0 0-0 212 f 33 1°95 2°17 
(Fe, Al),O, . O73 2°75 0°58 0:08 
SQ,. . 0°70 11°67 7°05 14°62 3°04 
Sr, H,BO,, Br 0-31 
Salt content g/l 1°65 34°3 0-166 0-092 0°702 


Tasie VI. Percentage composition of dissolved solids at two stations on the Milnerton river 
system, as compared with values from Sverdrup et al., 1942, for sea-water and various rivers. 


The evidence on the whole indicates that the salt content of the Diep River and 
Riet Vlei is derived not from the sea, but from the decomposing Malmesbury slates 
of the catchment area. 

Du Toit (1926) states that the clayey soils of the Malmesbury area are low in 
lime, potash and phosphoric acid, but sometimes high in sodium and magnesium 
compounds, and further that the Malmesbury slates furnish brackish waters which 
are frequently rich in magnesium salts. An interesting point is that the proportion of 
magnesium in Riet Vlei is about thirteen times that in the Diep River (Table VI). 
The reason is not clear. 


4. CHLORINITY IN THE SUBSTRATUM 

Chlorinity obviously influences the distribution of animals in open water, but 
since many estuarine animals are burrowing forms, the chlorinity in the substratum 
is also important. 

In sandy banks samples of water were easily obtained by thrusting in a glass 
tube to the required depth. Elsewhere the mud was so glutinous that this was imprac- 
ticable and the following methods were devised. 

In exposed mud-banks cores were taken with a metal tube 1 in. in diameter. 
The water content of a portion of the core representative of a definite depth was 
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determined by drying to constant weight. The salt was washed out with a known 
volume of distilled water and titrated, and the chlorinity of the original sample was 
then calculated. 

To obtain a sample of water from mud below water-level, a long metal tube of 
} in. diameter was thrust through the water into the mud. The lower end was pointed 
and closed, but punched with small holes about } in. from the end. An inner plunger 
with a rubber bung closed the holes while the tube was inserted. When in position the 


plunger was removed and the water from the surrounding mud allowed to seep ’ 
through the holes and rise in the tube. A sample was then removed with a pipette. : 
Mouth King Blaauw- 
Date Position of sample region George Race Riet berg Visser's 
(incl. Fort Course Vlei Bridge Hok 
Old Weir) 
5/12/49 . JS HW: Surface . 20-2 21°4 
Bank: Bindeep. . .. . 36 
30/ 8/50 Open water: LW: Surface . . 10 
B J Atsurface . 28 
Over 1oin. deep. . 32° 4:0 
9/10/50 _ J HW: Surface. . og 
LW: Surface. . og f 
Bank: 64in.deep . . . . 
River-bed: 5in.deep. . . . 22°4 
24/10/50 HW: Surface . 19:0 ro 
Open water: Surface. 4°7 Vl ro ff 
“| Bottom . 147 
Bank: Over6in.deep . . . 164 4°4 
River-bed: 10 in.deep . . . 168 
26/10/50 Open water: Surface. . . . 
Bank: Over 7in. deep. . . 3°4 20 
4/12/50 Open water: Surface. . . 193 18-7 3°0 2°7 1-0 
Bank: Over 7in.deep. . . 22°4 2°5 
River-bed: 15in.deep . . 1°5 
_ J Surface . 86 "7 
4! 5/51 \ Bottom . 103 16 
Sf 4-9in.deep . . . 80 3°4 
River-bed: Over gin. deep . .  13°5 16-3 
23/10/51 J Surface . 
Open water: [ Bottom . 
{ LW: JS Surface . o-9 
_J Atsurface. . 25 
deep... 28 19°6 


Taste VII. Chlorinities in gm./litre in the substratum as compared with those of the water. All records 
from period when mouth is open. State of tide indicated by HW and LW (mud samples taken at 
low tide). 
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The results are combined in Tables VII and VIII. The records are rather 
scattered, as it was impossible to deal with the whole area in one day, but are yet 
sufficient to justify a few conclusions. 


Near the mouth, where the substratum is sand or sandy mud, the chlorinity in 


the exposed tidal banks and that in the bed below the water always lies between the 
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Fic. 4. 
Section through bed of estuary, showing water-levels irrespective 
of tidal changes. 
A-A Minimum height towards end of summer drought (6/1/49). 
Mouth closed and level reduced by evaporation. 
B-B. Maximum height just before opening of mouth in winter (early 
June, 1949). Bar across mouth high. 
C-C. Flood conditions after heavy rain and opening of mouth (22/6/49). 
Channel scoured through bar (indicated by dotted line). 
Inset. Tidal differences in level in lower part of estuary, when mouth is 
open. 
A-A. A maximum high tide (9/10/50). Estuary tidal to just above 
Race Course. 
B-B. A normal’high tide (24/10/50). Estuary tidal only as far as 
King George Fort. 
C-C. A normal low tide (24/10/50). 
D-D. A minimum low tide (10/8/51). 


high- and low-tide values of the water. This confirms the conclusions of others 
(Alexander, Southgate and Bassindale, 1932, on estuarine muds; Reid, 1930 and 1932, 
on intertidal sand; Nicol, 1935, on the mud of a salt-marsh) that animals in the sub- 
stratum experience more constant chlorinities than those in the open water. Reid 
(1932) maintains that ‘marine burrowing animals living in estuaries are in no way 
affected by the presence of overflowing fresh water at low tide provided they can 
burrow down to a depth of about 12 inches’, At Milnerton, also, there is a vertical 
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chlorinity gradient in the water near the mouth, so that there is present a graded series 
of increasing low-tide chlorinities, and thus a series of decreasing low/high-tide 
chlorinity ranges in the following order: the surface water, the bottom water, the 
substratum (cf. 24/10/50 and 4/5/51 in Table VII). Further, the chlorinity in the 
bank increases with depth. One might thus conclude that if the estuary were to be 
invaded by an assortment of marine animals of equal chlorinity tolerance, those living 
in the deeper layers of the substratum might penetrate furthest and those in the surface 
water least. 


Chlorine Chlorinity 
Depth Nature of content in of water Ratio of 
(inches) soil gm./1000gm. contained in water/soil 
dry soil soil, gm./litre 


Riet Vlei (central region) . 17 sand 10°9 
8 mud 21 8-8 0°23 

surface mud 156 

Riet Vlei (north-west corner) . >3 mud 0°25 
surface mud 177 0°09 

Race Come. 8 Junction of 10°4 43°3 024 

sand/mud 
surface mud 49°5 >198 o-18 


Tasie VIII. The chlorine content of the bed on 16/2/53 when all visible water had dried. The Race 

Course samples were taken close to areas of encrusted salt, but not in them. The second sample at the 

Race Course gave a calculated chlorinity of 278°/99, but it is known from other records (Table III) that 
crystallization occurs at approx. 198°/o9. 


In the upper estuary at King George Fort and the Race Course, where the sub- 
stratum is muddy, conditions are different. Where the water dries in late summer the 
chlorinity in the substratum rises to saturation point and salt crystallizes out on the 
surface. Even in the deeper mud chlorinities are very high (Table VIII). During the 
rains much of this salt is lost but the leaching rate is slow, for throughout winter and 
spring the chlorinity is higher than that of the open water and does not recover before 
the mouth closes again (Table VII). In this connexion Reid (1932) has stated that in 
intertidal sand it ‘appears to be more difficult to reduce the salinity of the water in 
the sand than to increase it’. In mud, where the leaching rate is slower, such an effect 
is enhanced. In winter, when the river is running, chlorinity increases with depth. 
In summer, where pools become isolated and dry up, chlorinity is highest near the 
surface. In this region it is clear that for most of the year the chlorinity in the sub- 
stratum is too high for the survival of any normal estuarine animals. 

From Riet Vlei to Visser’s Hok, which are beyond tidal influence, the concentra- 
tion of salts in isolated pools in late summer also results in a raised chlorinity in the 
substratum (Table VIII). In this case the salts almost certainly come from the 
catchment area (p. 290). In Riet Vlei the surface 3 in. of mud dries as a crust which 
flakes away from the deeper layers. In the crust chlorinities are extremely high (over 
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150°/99), but it seems that the underlying mud is protected, for its chlorinity does not 
rise to much above that in the water (Table VIII shows a maximum of 11-3°/o9 in 
the deeper mud at Riet Vlei as compared with the maximum water chlorinity of 
8-7°/99). Nicol (1935) has recorded a similar condition in drying salt-marsh pools. 
The restriction of the high chlorinities to the surface is probably responsible for the 
more rapid recovery during the winter rains, when the maximum substratum 
chlorinity was 4:0°/99._ It is, however, more often in the neighbourhood of 1-2°/o9 and 


Fic. 5 


" \ / The mean monthly temperature in the 
\ / Milnerton river system (A-A), as compared 
20} / with that in the sea. Records from irregular 
| \ observations, 1948-51. 
« al \ j B-B. The temperature in the sea just out- 
: V side the mouth of the estuary, from 
similar records, 
‘ C-C. The temperature at the old Cape 
2 chs \ Kk Town Pier over 2} years (from Isaac, 


D-D. 


The temperature at the Power Station 
intake in Table Bay Docks at a depth 
of 30 ft. over 4 years (from Millard, 


1952). 


close to that of the water. On the whole conditions in the mud are suitable for 
colonization by brack-water forms, which might conceivably avoid the raised 
chlorinities in the surface crust at the end of summer by burrowing into the deeper 
layers. 

Throughout the system, during winter and spring, the chlorinity in the banks is 
almost invariably lower than that in the river-bed (cf. 9/10/50, 24/10/50 and 4/5/51, 
Table VII). This is presumably because the banks are exposed during the dry season 
when the water-level falls and thus do not receive the same high deposit of salt as 
does the submerged bed. ' 


5. TEMPERATURE 


Water temperatures were taken only during daylight hours. Averages have little 
significance in relation to population, but are useful for a general picture (fig. 5). 
They show, for instance, that temperatures are always higher than those in the sea, 
and that the range is greater. 

More important than averages are the extremes of temperature reached, which 
might act as a limiting factor to the biota (Table IX). In the estuary a large range is 
found in the upper regions and a smaller range near the mouth due to deeper water 
and the stabilizing influence of the sea. 
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Station Minimum Maximum Range Mean over 
recorded recorded total period 
TheSea . . 10°5 6°5 14°48 
Milnerton Mouth (incl. Old Ww cir) 10°5 22°4 11-9 16-0%* 
Milnerton Bridge. . 11-0 24°3 13°3 18-479 
King George Fort . . .. . 271 1571 18-73 
« 12:0 315 19°5 23-3" 
Blaauwberg Bridge . . . . . 12°2 27°2 150 18-715 
Visser’s Hok . 10°9 29°3 18-4 190° 


Taste IX, aiid temperatures in °C, for the period 1948 to 1952. The 
number of records on which each mean is based is shown in small figures. 


Diurnal variation is much less, and depends on local conditions and time of year, 
but appears to lie between 1 and 7° C. The cooling influence of the incoming tide is 
obvious at the mouth, slight at Milnerton Bridge, and not evident at King George 


Fort (Table X). 


TEMPERATURE °C, 


Low water High water 
Mouth area (Old Weir) . 19°5 
Milnerton Bridge . . . . 22°3 21-0 
King George Fort. . . . . 22°0 22°5 
Race Course . 23°0 


Taste X. A typical set ation surface temperatures in the estuary. 
(24/10/50, one day before spring tide.) 
The water is always warmer at the surface and cooler at the bottom. Thus on 
4/12/50 the bottom temperature at King George Fort at a depth of 2} ft. was 24°5° C. 
as against 27°1° C, at the surface. 


6. HyDROGEN-ION CONCENTRATION 

Records were taken with a B.D.H. comparator and corrected for salt error, but 
where the salinity exceeds 35°/9) the true salt error is not known and the maximum 
(that for sea-water) was applied (Table XI). 

Nicol (1935) has shown that in salt-marsh pools the pH is highest where plant 
life is abundant. This is also the case at Milnerton, where values of 9-4 to g°6 are 
found at Riet Vlei and Blaauwberg Bridge when filled with weed in spring and early 
summer. Lower pH values near the mouth are due partly to the buffering effect of 
sea-water. On the average the pH decreases from 8-5 at Riet Vlei to 8-o at the mouth 
(pH of sea = 8-0 to 8-1 outside the mouth). 


Average Range Number of readings 


Milnerton Mouth (incl. Old — : 8-0 71-88 25 
Milnerton Bridge . . 81 71-89 21 

King George Fort . . . . . . 8-3 72-89 23° 
Riet Vlei. . 8-5 72-96 10 
Blaauwberg Bridge . 8-4 7°3-9°6 13 

Visser’s Hok. . . 8-3 79-88 


Taste XI. pH san for siteis December, 1947, to March, 1951. 


Nicol also demonstrates a diurnal variation, with the pH highest at midday with 
maximum photosynthesis and lowest in early morning and late evening. At Milnerton 


: 
t 
‘ 
hs 
> 
> 


(INCHES) 


RAINF ALL 


a 


301 


25 


104 


TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


nN 


25 


JUN JUL 


1949/50 


MOUTH CLOSED — 


WLLL 


AUG SEP OCT NOV DEC JAN FEB MAR APR MAY 


Fic. 6. 


N 
WATER LEVEL (INCHES ABOVE MEAN SEA _ LEVEL) 


N & O 


ON 


The physical features of Milnerton Estuary (near mouth) over 3 years. Water levels adjusted to 
mid-tide in the estuary. E-R = net evaporation in the estuary (evaporation less rainfall). The rainfall 
at Durbanville is taken as representative of the catchment area and is shown by histograms. 
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the diurnal variation in well-vegetated areas was not checked and since all records 
were taken between g:o a.m. and 5°30 p.m. it is probable that minimum values have 
not been recorded. Near the mouth where vegetation is scanty, diurnal variation 
coincides with tidal variation, the pH being high at low water and low at high water. 
Thus, for example, on 24/10/50 a low/high-tide variation of 8-8 / 8-o was found. 

In spite of minor variations the general picture is one of an estuary fed from an 
alkaline source and itself neutral to alkaline in nature. 


7. OxyGEN ConTENT 

Preliminary observations on the oxygen content of the surface waters showed a 
fairly normal range, but due to insufficient time the subject was not continued. It is 
suspected that although the oxygen content of the surface water may be fairly normal, 
that of the bottom water, and particularly that of the mud, may often be so low as to 
act as a limiting factor for animal life. This is especially so at King George Fort and 
the Race Course, where the deeper mud often has an evil-smelling odour of H,S. 


8. WaTER-LEVELS, RAINFALL AND EVAPORATION 

Water-levels were taken at the Old Weir and Milnerton Bridge, and were related 
to mean sea-level (fig. 6). Variations in level are due chiefly to the tides, prevailing 
winds, rainfall and evaporation. 

The first two factors operate when the mouth is open. It has been shown that 
tidal variation in level is small, with a maximum of 10} in. near the mouth, and 
decreasing to nil at the Race Course. 

From a knowledge of tidal range and lag, it was possible to correct the water- 
levels to correspond with mid-tide in the estuary. It was then clear that a variation 
of 3 ft. or more was possible quite apart from tidal influence. At times this is due to 
the direction of the prevailing wind, for a north-wester drives the sea against the coast 
and thus dams up the river, while a south-easter has the opposite effect. Three typical 
records are quoted in Table XII. 

Water-level Average Hours of 


Date (inches above wind-speed wind 
M.S.L.) (m.p.h.) 
1/9/48 . . 17°3 ESE. 1 
SE. 2 
SSE. 11 
S. 4 
SSW. 6 
4/10/48. 40°3 12°7 WNW. 8 
NW. 4 
NNW. 7 
N. 2 
NNE. 3 
18/10/48 . . 20°8 178 SE. 7 
SSE. 11 
I 


Tase XII. Water-levels (at mid-tide) for three days in 1948 
to show the effect of wind. Each reading was taken near the 
mouth (Old Weir) within two days of a spring tide. Wind 
records from Weather Bureau, Pretoria, at Wingfield Airport. 
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The effects of rainfall and evaporation operate throughout the year, rainfall 
being highest in winter and evaporation more pronounced in summer. 

Rainfall is important mainly for its influence on the run-off, actual rain falling 
on the water being negligible. Since no estimates of run-off are available, rainfall has 
been used as a guide to seasonal conditions. Table XIII gives the normals of two 
stations in the catchment area, Bothmaskloof as typical of the hilly northern district 
near Malmesbury (975 ft. above M.S.L.), and Wingfield Airport as typical of the 
low-lying coastal district near the mouth (77 ft. above M.S.L.). The rainy season 
extends from May to September, while December to February are very dry with 
under 0-6 in. Records for individual years show that the rains usually start fairly 
suddenly, generally in May, but often in April, and occasionally are delayed until 
July (1943 and 1947). 

Month Bothmaskloof Wingfield Airport 


(over 30 years) (over 17 years) 


January... 0°55 058 
February. . . 0°42 0°33 
March « . 0-70 
1°88 1°84 
3°81 3°06 
4°97 3°33 
July... . 4°39 3°54 
August . . . 3°90 2°58 
September... 3°01 1-67 
October . 1°46 
November. . 0°72 
December. . 0°56 0°39 

TOTAL 26-76 19°97 


Tasre XIII. Rainfall normals in inches for two stations 
in the catchment area as at the end of 1950. Records 
from Weather Bureau, Pretoria. 

The relationship between rainfall and water-level can be judged from fig. 6, 
where the rainfall of Durbanville (516 ft. above M.S.L.) is taken as representative of 
the catchment area. During the dry months when the mouth is closed, the water- 
level is low, but when the rains start the level rises rapidly to flood height (as much 
as 52 in. above M.S.L.). The mouth then opens, and there is first a rapid drop in 
level and then a more gradual one as the water scours out a deeper passage through 
the bar. The latter tendency is clear in spite of the effect of prevailing winds. Finally 
when the rainfall subsides in December or January the river dries and the mouth 
closes. It appears that a monthly rainfall of 1-2 in. in the catchment area is necessary 
to keep the river flowing. Below 1 in. the rain seeps into the soil or is lost by evapora- 
tion and does not reach the estuary. For example, in 1949 the river ceased to flow 
on approximately December 5 after a rainfall of 1-31 in. at Durbanville in November 
(1-68 in, at Bothmaskloof, 0-85 in. at Wingfield Airport). The mouth was still open, 
but closed on approximately January 7, 1950. Abnormalities in the rainfall also 
affect the estuary, an early winter causing the mouth to open early (e.g. April, 1951), 
and an early summer causing it to close early. 
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The effect of evaporation is seen best when the mouth is closed and the source 
dry, but it does not necessarily result in a fall in water-level because of additions from 
the sea over the bar at high tides. In fact there may be a rise in level at this time 
although the rainfall is not enough to start the river flowing (e.g. December, 1950, 
to March, 1951). 

A better indication of evaporation is the chlorinity of the water, which rises 
rapidly as soon as the mouth closes, surpassing that of sea water and reaching values 
of about 30°/9) at the mouth and over 100°/9, at the Race Course, the upper limit of 
marine penetration. This reversed chlorinity gradient suggests a slow gravity upflow 
of water to replace that lost by evaporation as more is added from the sea. Thus, as 
in the summer of 1950-1, a rise in water-level may accompany a rise in chlorinity. 

As a further check on evaporation, an attempt was made to obtain actual figures. 
Mackenzie, 1947, gives as a result of tank-tests on the Cape Flats a gross annual 
evaporation of 47 in., with a monthly maximum of 7-35 in. in January and a minimum 
of 1-06 in. in July. As a comparison, calculations were made on the basis of Sverdrup’s 
formula (1942), correcting for water temperature and salinity, and using wind 
velocity and relative humidity records from Wingfield Airport, a few miles from the 
estuary (Table XIV). These give values lower than Mackenzie’s, namely a gross 
annual evaporation varying from 23:1 to 32-9 in. per year at different stations in the 
system, and a monthly maximum of 49 in. for February at the Race Course and a 
minimum of 1-o in. for June at the mouth (records for January and July not available). 

The net evaporation (evaporation less rainfall on the water surface) is perhaps 
more instructive, and in fig. 6 it is compared with changes in water-level and 
chlorinity. In the summer evaporation exceeds rainfall, the water-level is low and 
the chlorinity high, the curve for chlorinity corresponding roughly with that for 
evaporation. A drop in evaporation in March or April is followed after an interval 
- by a drop in chlorinity and a rise in water-level as the water from the catchment area 
drains into the estuary. 


Gross EVAPORATION Net EvAPORATION 

(evaporation minus rainfall) 
Whole Mouth Mouth Whole Mouth Mouth 
year closed open year closed open 

(Dec.-Apr.) (May-—Nov.) (Dec.-Apr.) (May—Nov.) 

Milnerton Mouth . 2371 33°6 + 1'7 + 28-4 —10°6 
Race Course 31°5 40°3 25°9 +10°1 — 37 
Riet — 27°6 +115 — 20 
Visser’s Hok . . 24°9 + 69 — — 48 


Taste XIV. Evaporation in inches/year. Based on normal relative humidities over fourteen to eighteen 
years, normal wind velocities over five years, and normal rainfall over ten years, at Wingfield Airport. 
(Riet Vlei and Visser’s Hok are dry when the mouth is closed.) 


The annual evaporation is highest in the Race Course—Riet Vlei stretch (Table 
XIV). When the mouth closes Riet Vlei dries quickly. At the Race Course evapora- 
tion proceeds at an average rate of 35-1 in./year net (reaching a maximum of 56-6 
in./year in February) due to strong prevailing winds, high temperatures in shallow 
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water, low humidity, and low rainfall. Evaporation concentrates the water and the 
chlorinity rises. But at the same time more salt water is added at the mouth, delaying 
the final drying-up, and raising the chlorinities still further (cf. Table III and fig. 3), 
and also incidentally helping to establish the reversed chlorinity gradient. 


Section B: THe FAUNA AND FLORA 


In considering the population it is more convenient to subdivide the Milnerton 
river system into definite stretches, and to describe the biota characteristic of these, 
rather than to deal with individual stations. On consideration of the chemical and 
physical data it was found that this river system falls naturally into the three major 
regions summarized below, and in Section B the relationship of the fauna and flora 
to these regions will be shown. 


(1) THe Diep River, including Station 7 (Visser’s Hok). The river falls slowly through a low- 
lying catchment area, receiving small tributaries from the surrounding hills. The water is slightly 
brackish (maximum chlorinity 1°8°/9,) due to leaching out of salts from the soil, is turbid and muddy 
during the rainy season, and dries up in summer. 

(2) Rier Viet, including Station 5. This is a temporary brackish vlei or shallow lake and lies 
beyond tidal influence. The chloride content of the water is usually low, but in some parts may rise to 
8°/,9 as a result of evaporation; in late summer and autumn the vlei becomes completely dry. 

Station 6 (Blaauwberg Bridge) represents a transitional area where the Diep River broadens out 
before entering the vlei. 

(3) Tue Esrvary. This part, extending from Riet Vlei to the sea, is subject to tidal influence. . 
It can be subdivided into: 

(a) The Upper Channel, including Station 4 (‘Race Course’). Here the water is temporary, tida 
influence is limited to a damming effect, and chlorinity variations are extreme, ranging from 
0°6°/99 to over 100°/9,. Water temperatures in summer are high and evaporation considerable. 
The substratum is of mud overlying sand. 

(b) The Lagoon, including Stations 3 (King George Fort) to 1 (the Mouth). This part retains 
water throughout the year, and tidal influence is marked while the estuary is open to the 
sea. Chlorinities range from 0-7 to 22°/9, when the mouth is open, and from 20 to 38°/9 
when closed. The substratum changes from mud at King George Fort, through sandy mud 
to clean sand at the mouth. 


In the other estuaries so far studied, investigations have been almost entirely 
confined to the estuary proper. In the case of Milnerton, however, the work was 
extended to cover most of the river system, both because animals derived from the 
river and Riet Vlei form a component of the estuarine population, and because very 
little research has been done in South Africa either on brackish streams or on the 
temporary vleis of the Cape Flats. 


THE FLORA 
(1) The Upper Reaches of the Diep River 


Although the river-bed is wide, the water is restricted to one or more turbid 
streams in winter and dries up towards the end of summer. The marginal vegetation 
is affected by the brackish and temporary nature of the water, and tends to resemble 
that of Riet Vlei rather than that of a permanent fresh-water stream. Fewer dominant 
species occur here than round Riet Vlei, and there is little trace of zonation. 

The dryland vegetation of grasses and low scrub runs down almost to the water’s 
edge, excepting in damp situations where clumps of the rush Juncus Kraussti are 
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DIAGRAMS SHOWING PLANT ZONATION 


1. RIET VLE! 


2. BLAAUWBERG BRIOGE (SECTION) 


3. KING GEORGE FORT PAA 
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found, sometimes accompanied by the subaquatic composite Cotula coronopifolia and 
Arum lilies (Zantedeschia aethiopica). Along the water-line or close above it clumps of 
sedges (Scirpus maritimus and Cyperus textilis) occur here and there. Enteromorpha 
intestinalis appears along the water’s edge in the spring months, becoming more 
abundant as the summer advances, and in the backwaters ‘wateruintjies’ (Aponogeton 
spp.) flourish. 


(2) Riet Vlet 

The banks of Riet Vlei are almost flat and often marshy in winter. At that time 
three broad plant zones are apparent round the vlei. (See fig. 7.) 

Tue Upper Zone is characterized by plants typical of damp, brackish soil and 
is not very well marked, grading into the surrounding scrub. It includes Juncus 
Kraussti, Arthrocnemum africanum and salt-marsh grasses such as Sporobolus virginicus. 
Triglochin elongatum is also common. The Arthrocnemum comes up all over the vlei 
once the water has disappeared, giving it a reddish colour. 

Tue Mippte Zone. The margins of the vlei are occupied by one or other of 
two types of community, or by a mixture of both. In many places the sedges Scirpus 
maritimus and 5. littoralis form dense belts along the edge of the vlei, or large ‘islands’ 
in the vlei itself. Elsewhere this community is replaced by a thick sward of Cotula 
coronopifolia interspersed with Triglochin elongatum, Ranunculus trichophyllus and other 
plants. These are all emergent plants where they grow in water; they will also grow 
out of water on wet, marshy ground. 

Towards the end of spring a tiny rush, Scirpus venustulus, and subaquatic plants 
such as Cotula filifolia become abundant in this zone. 

Tue Lower Zone. As the water deepens, an abundance of plants with floating 
leaves appears. ‘These are chiefly wateruintjies (Aponogeton spp.); with them and 
extending beyond them towards the middle of the shallow vlei are beds of submerged 
Potamogetonaceae (Ruppia maritima and Zannichellia Aschersoniana). Beyond these the 
central part of the vlei is floored by extensive, almost bare, submerged mud-banks. 

At Blaauwberg Bridge (Station 6), where the water is deeper, this zonation 
becomes more obvious. (See fig. 7.) 

Towards the seaward side of the vlei algae appear among the other submerged 
plants, becoming abundant in early summer. These include Hydrodictyon africanum 
and species of Spirogyra, Rhizoclonium and Oedogonium. A charophyte (Chara stachy- 
morpha) also becomes common. 


(3) The Estuary 

There is a clear plant zonation throughout the estuary from the Upper Channel 
down to Milnerton Bridge (Station 2); lower down most of the Lagoon has been 
canalized and only narrow banks remain between the walls and the water. Even 
there, however, traces of the same zonation persist. 

As in Riet Vlei there are typically three zones, which vary according to the 
nature of the substratum and other factors, but are always clearly recognizable. (See 


fig. 7.) 
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Tue Upper Zone. This usually covers the tops of the banks, and is only reached 
by the water at the highest tides or during floods. It is typically carpeted with Cheno- 
podiaceae. The smaller species (Salicornia Meyeriana and Arthrocnemum africanum) 
usually grow in the lower part of the zone, often mixed with Triglochin elongatum, 
while larger bushy species such as A. Pillansti occur interspersed with other plants at 
higher levels. A few tufts of Juncus Araussii and patches of coarse salt-marsh grasses 
such as Sporobolus virginicus are found here and there. 

This zone can be traced down the estuary to the old weir, below which there is 
an artificial embankment on one side and blown beach sand on the other. 

Tue Mippte Zone. In the estuary this zone is normally uncovered at low water 
but inundated at high water. It typically consists of dense beds of the rush Scirpus 
maritimus, but it may be a barren mud-flat, with scattered Scirpus or Triglochin. 
Alternatively there may be thick beds of Triglochin, or, in marshy places in the Upper 
Channel, patches of Cotula coronopifolia. 

In some parts of the estuary there are small salting cliffs along the banks; where 
this is the case the Scirpus tends to occur on the tops of the cliffs above the level of 
low water. Elsewhere, on muddy islets or where the banks are low and marshy, the 
Scirpus often grows right down into the water. 

Tue Lower Zone. In the upper part of the estuary this zone is usually submerged. 
It includes two elements. From Station 2 upstream there is a thick seasonal growth of 
Ruppia maritima, accompanied at Station 3 by Zannichellia Aschersoniana. From Station 3 
to below the old weir algae such as Enteromorpha, Cladophora, Ectocarpus and Lyngbya 
fringe the banks; they form a thick blanket along the margin in the late summer 
when salinities are high and when the Potamogetonaceae usually die down. These 
algae are absent from the Upper Channel, possibly due to the very high summer 
salinities, since both Enteromorpha and Cladophora reappear in the river above. Both 
these algae can tolerate chlorinities ranging from 0-8°/99 to 38°/99. Ruppia maritima 
dies down if the chlorinity rises much above 38-0°/99, but reappears soon after the 
winter floods. It is found from above Blaauwberg Bridge to Milnerton Bridge. 

Kostera is entirely absent from the estuary. This may be due to the extremely wide 
salinity range; to the lack of a suitable substratum; to excessive turbidity of the 
water, or to a combination of these factors. In the upper parts of the estuary the 
Potamogetonaceae and algae supply food and shelter, but in the lower reaches 
where these are normally provided by the Zostera, the only plants are a few algae. 

When the vegetation of the Milnerton Estuary is compared with that of Knysna 
(Day, Millard and Harrison, 1952), it will be seen that there is a general correspon- 
dence in the zonation. The Upper Zone of Milnerton corresponds roughly to the 
Juncus-Salicornia Zone of the Knysna Lagoon; the Middle Zone to the Puccinellia or 
Bare Zone, and the Lower Zone to the Zostera-Upogebia Zone. The resemblances 
involve only the level on the shore and some of the dominant plants; the fauna of 
Milnerton is very poor whereas that of Knysna is very rich. 

THe FAuNA 

Only macroscopic animals were collected, and a complete list of these is included 

in the appendix. In this section only the more important ones will be discussed. 


= 
2 
4, 
sd 
; 


304 TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


OIAGRAMS SHOWING PLANT AND ANIMAL ZONATION 


1. MILNERTON- BRIOGE (LOW WATER) 


SALTING CLIFF 


2. OLO WEIR (LOW WATER) 
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(1) The Upper Reaches of the Diep River 

The fauna here is plentiful but restricted in species. The bulk of it consists of 
insects living in the marginal vegetation, but there are also Entomostraca, Hydra- 
carina, Mollusca, fish and tadpoles both of Rana and Xenopus. There are seasonal 
variations, but the population is never as rich as that of permanent fresh-water rivers 
such as the Berg. There is, however, a resemblance between the Diep River and a 
brackish tributary of the Berg called the Sout River. 

Seasonal changes in the Diep River are outlined below; details are given in the 
appendix under each species. 

Soon after the first heavy winter rains young stages of many insects appear in the 
river: Corixids (Micronecta sp. juveniles) ; may-flies such as Cloeon lacunosum, Centrop- 
tilum excisum and Austrocloeon africanum; damsel-flies (Ischnura sp.) and Chironomids. 
There are also copepods and aquatic snails ( Tomichia ventricosa). 

A month later imagos of Micronecta are common, including M. scutellaris, M. 
piccanin and M. gorogaiqua. The may-fly nymphs, Chironomid larvae and copepods 
remain numerous, and Notonectids (Anisops aglaia) and mosquito larvae (Culex (Culex) 
theileri) appear. Other insects are Hydrophilid, Hydraenid and Dytiscid beetles and 
Tipulids (Trimicra sp.). Ostracods (Cypridopsis sp.) and Cladocera (Moina dubia, 
Simosa vetuloides and S. australiensis) also appear, as do a few small fish (Galaxias 
punctifer). This population persists with minor changes throughout the winter. 

The number of species increases in spring, the dominant forms at that time 
being Notonectids, Corixids, mosquitoes and may-flies. Additional species then 
present are Sigara meridionalis, S. contortuplicata, Plea piccanina, P. pullula, Austrocaenis 
capensis and Pseudocloeon vinosum. Damsel-flies (Ischnura senegalensis and Trithemis sp.) 
and dragon-flies (Anax imperator) are common, and Simuliidae present. Beetles now 
include Haliplids and Gyrinids in addition to those already mentioned. The aquatic 
snail Bulinus tropicus largely replaces Tomichia ventricosa, and Cladocera disappear with 
the exception of Simosa vetuloides. 

A few animals persist until the water finally disappears in December or January, 
but become less and less common, and shortly before the river dries up samples will 
only show a few individuals, probably of the following species: Simosa vetuloides, 
Micronecta scutellaris, M. gorogaiqua, Sigara meridionalis, Plea piccanina, Anisops aglaia, 
Austrocaenis capensis, Cloeon lacunosum, Austrocloeon africanum and Ischnura senegalensis. 
Both species of water-snail and a few beetles and mosquitoes remain, and water- 
skaters (Gerrids) appear. Fresh-water crabs (Potamon perlatus) are always present. 
(2) Riet Vlei 

The fauna of Riet Vlei is similar to that of other temporary brackish vleis of the 
Cape Flats, consisting of animals that appear, multiply rapidly, and settle down for 
the winter and spring, disappearing again as the water vanishes. As the vlei dries, 
its surface cracks into a mosaic of hard mud plates, protecting the underlying mud 
and sand which always retain some moisture. The animals tide over the dry months 
in various ways, by aestivation (snails, crabs and frogs); by leaving resistant stages 
(Entomostraca), or by migration (birds and insects), and the vlei is soon recolonized 
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when it fills up with water once more. It is possible that pools or springs persist in 
the mountains in which some of the tributaries of the Diep River rise, and that these 
help to restock the river in the wet season. It is otherwise difficult to understand how 
such animals as the delicate little fish (Galaxias punctifer and Sandelia capensis) can 
survive from one winter to the next. 

In Riet Vlei, as in the Diep River, the substratum is muddy, but here the water 
flows gently through extensive weed-beds and banks of sedges which filter out much 
of the mud and appear to supersaturate the water with oxygen during the day. As 
might be expected, these weed-beds harbour an incredible abundance of animals. 
Many of these are salt-tolerant species found also in the Diep River, but others are 
species showing a definite preference for still rather than fast-running water. The 
population is not uniform throughout, and a species may be abundant in one part 
and rare or absent elsewhere. 

There is a greater preponderance of Entomostraca in the vlei than in the upper 
reaches of the river. Insects, except beetles, are less varied, but individual species may 
be present in great abundance. Water-snails may also be extremely numerous. 

Birds are present in very large numbers during the spring and early summer 
months when the migrants and other water-loving species congregate on the vlei. 
They form an important link in the food cycle as they feed mainly on aquatic animals 
and plants. An account of the bird population has been given elsewhere by one of 
us (Scott, 1954). 

In the following paragraphs an attempt is made to describe the seasonal changes 
in the vlei fauna; so many species are involved, however, that in order to avoid 
confusion only the commoner species are mentioned. All species recorded are listed 
in the appendix, with brief notes on their occurrence. 

The animal population of the vlei falls into two groups: the first includes those 
species which are present throughout almost the whole period when there is water in 
the vlei. Most of these increase in numbers until they show a peak in spring, after 
which there is a rapid drop as the vlei dries. To this category belong such animals 
as the two species of water-snail, Tomichia ventricosa and Bulinus tropicus, mosquito 
and Chironomid larvae; Hydrophilid and Dytiscid beetle larvae (and later imagos) ; 
the Corixid Micronecta scutellaris; the Notonectid Anisops aglaia; certain dragon-fly 
nymphs (Crocothemis erythraea), and the may-fly Cloeon lacunosum. C. lacunosum is the 
only species of may-fly found in the vlei. 

Copepods, including Diaptomids, Cyclopoids and Harpacticoids, are also 
present throughout, but only the larger Diaptomids (Lovenula sp.) were taken in any 
quantity owing to the type of net used. Certain Cladocera and Ostracoda belong to 
this group, notably Simosa vetuloides, Echinisca capensis and species of Stenocypris and 
Cypridopsis; also the Conchostracan Leptestheria rubidgei, the crab Potamon perlatus, and 
tadpoles of Rana and Xenopus. 

The second group includes species which only form an element of the population 
for part of the wet period. Some of these appear in June or July, show a rapid 
increase in numbers, and disappear again towards the end of winter or in early spring. 
Most of the Cladocera and Ostracoda behave in this way (such species as Daphnia 
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hodgsoni, D. propinqua, Moina brachiata, Megalocypris tuberculata, Isocypris priomena, 
Pseudocypris testudo); so do Stratiomyid and Ephydrid fly larvae and Hydraenid 
beetle larvae. Other species, for example Plea piccanina, P. pullula, Sigara meridionalis, 
S. contortuplicata, several Odonata (Anax imperator, Ischnura senegalensis), many Hydra- 
carines and a few Cladocera (Macrothrix spinosa) appear commonly in spring and 
persist until the water disappears. 


(3) The Estuary 


Tue Upper Cuannev. Conditions here are extreme and the fauna is poor and 
at times entirely lacking. 

After the first rains a few snails (Tomichia ventricosa) crawl out of the banks. 
Later on, in June or July, a few minute Ostracods (species of Cypridopsis and Steno- 
cypris) appear, also numbers of Cladocera (chiefly Moina brachiata). These disappear 
by September or October and are replaced by other Crustacea, including the 
estuarine amphipod Chiltonia capensis and various vlei animals. The latter include 
Leptestheria rubidgei, Megalocypris d’Urbani, Isocypris priomena, Sigara meridionalis, 
Micronecta scutellaris and Cloeon lacunosum. Copepods, Hydracarines, Hydrophilid 
and Hydraenid beetles and their larvae, Chironomid larvae, the fish Galaxias punctifer 
and the snail Bulinus tropicus also appear at that time. None of these animals becomes 
common although the salinity remains low (Cl. 0-8 to 1-4°/9). 

The term ‘vlei animals’ is used in this paper to denote species which inhabit 
vleis (shallow lakes or large ponds, either permanent or temporary). Many such 
animals are confined to regions where water movements are slight; most are to some 
extent euryhaline. Some of the euryhaline species, while they typically inhabit 
brackish vleis, also occur in other slightly saline waters such as brackish streams and 
the heads of estuaries. Many of the vlei animals found at King George Fort could 
have spread down from Riet Vlei; some are typical euryhaline vlei animals, charac- 
teristic of temporary waters, others are more typically estuarine. 

Most animals begin to disappear from the Upper Channel towards the end of 
October, when the water commences to dry up and salinities begin to rise (Cl. 1-5°/99 
on 7/11/49; 3°0°/99 on 4/12/50). The Crustacea, gastropods and fish disappear first, 
then the may-fly nymphs. The salinity then rises very rapidly as the stream breaks 
up into isolated pools; all animals vanish and the vegetation dies down, On 1/12/47, 
when the salinity had reached a high value (Cl. 40/99), a few Sigara meridionalis and 
beetles were collected; they were, however, imagos and it is possible that they had 
recently flown to the water. 

It was noticed that the animals disappear before the salinity has risen appreciably ; 
at that time, however, the water is draining rapidly away and the Upper Channel 
has become separated from Riet Vlei. The water is also very shallow and temperatures 
reach 31° C. on hot days. 

The fauna of the head of the estuary thus includes only two components: 


(a) An estuarine amphipod, Chiltonia capensis, which has only been found in 
October. It probably migrates up from the lower part of the estuary. 
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(6) Vlei animals, which become established in the estuary wherever conditions 
are suitable. Very few of these can stand the high salinities reached; 
Tomichia ventricosa can aestivate in the lower layers of the mud, and species 
of Cypridopsis and Stenocypris have been bred out from mud collected from 
the river-banks. 

Tue Lacoon. This is the only region where water is always present, and where 
animal species can live all the year round. 

Although the whole lagoon shows a wide salinity range, a variable degree of 
turbidity, and marked tidal influence, conditions are not uniform, and there is a 
gradation from King George Fort to the mouth. Thus the surface chlorinity at 
King George Fort ranges from 0-7°/9 to 38°/99, whereas near the mouth it ranges 
from 1°3°/o9 to 31°/99. Similarly the water is more turbid at King George Fort and 
the tidal influence less marked. There is a corresponding change in the animals, the 
fauna near the mouth being richer than that higher up the estuary. It is therefore 
convenient to describe the fauna at King George Fort first, and then that of the lower 
part of the Lagoon. 

Kinc Georce Fort. Here the substratum is mainly of soft mud, blackened just 
below the surface. The fauna, though poor, includes three different elements: 

(a) Vlei animals. Euryhaline species such as are found at times in the Upper 
Channel also occur in the weed-beds at King George Fort during winter and spring. 
They include several Cladocera (Daphnia sp., Scapholeberis sp., Moina dubia and M. 
brachiata), the Conchostracan Leptestheria rubidget, Hydrophilid, Hydraenid and 
Dytiscid beetles, the Notonectid Plea piccanina, the Corixid Sigara meridionalis, damsel- 
fly nymphs (Jschnura senegalensis) and may-fly nymphs (Cloeon lacunosum). They 
disappear when salinities rise in summer. 

(6) Estuarine animals. A few estuarine forms survive at King George Fort for 
almost the whole year. The most conspicuous is a Serpulid polychaet, Mercierella 
enigmatica, whose colonies form mounds of calcareous tubes along the water-line on 
any solid object, and large boulder-like lumps which lie freely in the shallow water 
between King George Fort and Milnerton Bridge. Several small estuarine species 
find shelter among the worm-tubes and also in the water-weed. These include two 
amphipods; Melita zeylanica which is common in summer, and Chiltonta capensis which 
is common almost all the year; also an isopod, Exosphaeroma hylecoetes, and juvenile 
crabs (Hymenosoma orbiculare). These crabs, both adults and juveniles, may be found 
crawling over the mud or buried just beneath its surface. 

(c) Marine animals. Apart from the fish, which will be dealt with separately, 
only one animal of known marine origin has been found in this region; this is the 
shrimp Palaemon pacificus, which was taken during the late spring and the summer. 

A few animals are present at King George Fort whose category is uncertain. 
Chironomid larvae are ubiquitous, and are encountered even when the chlorinity of 
the water has risen above 26°/5). They are the only abundant animals in the mud, 
and then only in the surface layer, where they are accompanied by a few Hymenosoma; 
where there is an admixture of sand the isopod Euridice longicornis may be found. 
Chironomids also occur in the weed and occasionally among the Mercierella tubes. 
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Above the water-line the sand appears to be uninhabited, but at certain times of 
the year it may be covered with numbers of Collembola, as may the surface of the 
water in sheltered corners. 

Tue Lower Part or THE Lacoon. In many respects this region is similar to 
King George Fort, but tidal influence is more marked and wave action is quite 
strong when the mouth is open. The water is deeper and the substratum changes 
from waist-deep liquid mud through sandy mud to clean beach sand. 

The fauna here will be described in relation to habitat. It consists of estuarine 
and marine species only and lacks the vlei animals found higher up, though some of 
these are washed down in winter and may survive for a time in the upper layers. 

(a) Fauna of muddy sand. The damp, muddy sand above the water’s edge harbours 
little animal life apart from red Chironomid larvae, a few minute polychaets (Capitella 
capitata, Prionospio sexoculata), and an occasional oligochaet. Where the water table 
reaches the surface, or the muddy sand is always submerged, the sand-prawn Callia- 
nassa kraussi is abundant, the sand-banks below the old weir being pitted with its 
holes. Living in the same muddy sand are the isopod Eurtdice longicornis and poly- 
chaets such as Nerine cirratulus var. capensis, Nephthys capensis, Capitella capitata, and 
Prionospio sexoculata; also in places Chironomid larvae. Hymenosoma orbiculare is 
ubiquitous on or just below the surface, and on one occasion a minute estuarine snail 
(Assiminea sp.) was common on the muddy sand near the old weir. 

At the mouth the substratum changes to clean, white, beach sand, which appears 
to be entirely uninhabited, probably owing to its shifting character. When the mouth 
is open marine species such as Argobuccinum argus and Bullia digitalis appear in the 
lower reaches of the Lagoon. These are unable to establish themselves in the estuary 
and disappear soon after the mouth closes. They are evidently stenohaline vagrants 
from the sea-beach which cannot tolerate the salinity range. 

(b) Fauna of weed. Most of the estuarine animals found at King George Fort are 
permanent inhabitants of weed-beds throughout the lower part of the estuary. 
Examples are Melita zeylanica, Chiltonia capensis and young Hymenosoma orbiculare; also 
the marine shrimp Palaemon pacificus. In the spring of 1947 the marine isopod Paridotea 
ungulata and the nudibranch Hermaeina sinusmensalis were also found. The estuarine 
amphipod Exosphaeroma hylecoetes which is found in the upper parts is replaced near 
the mouth by the marine species E. varicolor. 

(c) Rock fauna. The only suitable substrata available are embankments, bridge- 
pylons, wooden posts, the concrete weir, and periodically exposed stones; there are 
no outcrops of rock. At low-water level, on such objects masses of Mercierella tubes 
shelter the same Crustacea as inhabit the weed, as well as young marine crabs 
(Cyclograpsus punctatus). Above and below the Mercierella surfaces may be bare, or, 
more frequently, coated with algae. 

Stones occasionally exposed in the channel at the mouth soon become overgrown 
with Enteromorpha and support a fauna which includes Exosphaeroma varicolor, Melita 
zeylanica, the polychaets Lumbrinereis tetraura and young Mercierella, juveniles of the 
marine molluscs Mytilus meridionalis and Helcion sp., oyster spat and barnacles (Balanus 
algicola). Whether these species would be able to establish themselves if the stones 
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remained permanently uncovered is impossible to say, but it seems probable that 
estuarine species would survive and marine ones disappear. 


Vertical Zonation 

The zonation of plants has already been described and shown to comprise an 
Upper, a Middle and a Lower Zone. 

Animal zonation is only apparent in the lower part of the estuary, from King 
George Fort seawards, and is clearest in winter and spring when tidal movements 
intensify it. (See fig. 8.) 

Tue Upper Zone. Below Milnerton Bridge the characteristic plants fade out 
gradually, leaving a barren stretch of sand or stones with no animal inhabitants. The 
zone is only covered by the highest tides or during floods. 

Tue Mippie Zone. In the upper part of the estuary this may present several 
different facies, but on reaching Milnerton Bridge it becomes reduced to a bare strip 
of mud. A few burrowing polychaets and Chironomid larvae are found in it and, 
under stones, occasional Cyclograpsus punctatus and amphipods. The lower boundary 
of the zone may be difficult to distinguish, but between Milnerton bridge and the weir 
it is often marked by a fringe of Enteromorpha; this is well above the level of low water 
of springs. On posts and other suitable objects the line of demarcation is the upper 
limit of the main masses of Mercierella tubes. 

Tue Lower Zone. Ruppia maritima disappears at Milnerton Bridge, to seaward 
of which the vegetation is limited to algae. Near the mouth the algae are exposed for 
increasing periods owing to the increased tidal range. Algae or Mercierella tubes cover 
all solid objects, and the muddy sand is pitted with innumerable Callianassa holes, 
which stud the bottom from a short distance above low-water mark to a depth of 
about 2 ft. Callianassa is most plentiful to seaward of the weir where the substratum 
becomes increasingly sandy. Burrowing polychaets, isopods and Hymenosoma are 
found in the same sandy mud. 

The above statements refer to the tidal period while the mouth is open and the 
water very turbid. When the mouth has closed the water-level rises gradually, 
submerging the algae, Mercierella tubes and Callianassa holes. This rise is due mainly 
to sea-water which pours over the bar during high tides. Correlated with this is a 
rise in salinity, and the suspended mud gradually settles out, covering everything with 
a film of silt. 


The Fish 

The following notes are based not only on the authors’ nettings made at irregular 
intervals during 1948-50, but also on regular nettings made by Mr. F. Talbot during 
1950 and 1951. Catches were made with a 40-ft. seine with a mesh of } in. bar; 
this is of course selective, large fish escaping as the net is slowly dragged and small 
ones passing through the meshes. 

This account refers to the estuary only. In the upper reaches of the river only 
the small fresh-water fish Sandelia capensis and Galaxias punctifer have been found. 

Nettings were made mainly at two stations, namely at the Mouth, where the 
seine was pulled across the lower end of the lagoon, and at King George Fort. 
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Tue Moutn. Several species were taken here in almost all months of the year. 
These include white stumpnose (Rhabdosargus globiceps), white steenbras (Lithognathus 
lithognathus), mullet (Liza ramada), silversides (Atherina breviceps), and sand-gobies 
(Psammogobius knysnaénsis). Several other species were taken in most months, including 
the vlei-sardine (Gilchristella aestuarius), a small sole (Heteromycteris capensis), and the 
common goby (Gobius nudiceps). These species may be present throughout the year 
but move to deeper water out of reach of the seine during the spring, or they may 
leave the estuary to breed. Nettings were only once made during September (in 1948), 
and then the only fish caught were some Liza ramada at King George Fort. 

All the above species were taken from water whose chloride content ranged from 
5°/oo in winter to 319/99 in summer; the latter was the highest value recorded at the 
mouth, It should be emphasized, however, that the low salinities recorded at the 
mouth apply to the surface water, and that the bottom water tends to be considerably 
more saline, so that fish could remain in more saline water by keeping near the 
bottom. The chlorinity values recorded at the old weir on 23/10/51 are given in 
Table V, and at low water show readings of 8-2°/o) at the surface and 18-0°/9, at the 
bottom. Thus a surface reading at low water gives an erroneous idea of the salinity 
tolerance of fish netted at that time and place. However, details of salinity tolerance 
recorded for each species are given, with comments, in the appendix. 

Seasonal changes in the fish population are summarized below, and notes on each 
species will also be found in the appendix. 

The commonest fish is the mullet Liza ramada, which is abundant at most times 
of the year but shows a seasonal variation in size. Juveniles of the white steenbras 
Lithognathus lithognathus are usually commoner and reach a larger size than the young 
of the white stumpnose Rhabdosargus globiceps. ‘These three marine fish probably enter 
the estuary as fry and grow there, but do not breed there, returning to the sea before 
maturity. In support of this theory, it has been noted that shoals of small fry enter 
the estuary when the mouth is open. This is most obvious when the mouth is shallow 
in early spring. Later in the season the fish are all larger, but none with ripe gonads 
has ever been taken in the estuary. 

The springer (Mugil cephalus) is present at most times in the lower part of the 
lagoon, but is always less common than the mullet. Juveniles of the sole Heteromycteris 
capensis, a common shore-fish, have been found in the estuary. Gobius nudiceps, Atherina 
breviceps and Gilchristella aestuarius are small marine species known to frequent 
estuaries. Psammogobius knysnaénsis is the only true estuarine species, and has not so 
far been found in the sea. 

Three rarer species have been recorded, probably as occasional vagrants. These 
are the klipvis (Clinus superciliosus), elft (Pomatomus saltator) and silver bream (Rhabdo- 
sargus tricuspidens). R. tricuspidens has not to the authors’ knowledge previously been 
recorded from the west coast of South Africa. 

Kinc GeorGe Fort CHANNEL. Several species caught in the lower parts of the 
lagoon extend up as far as King George Fort. These include Liza ramada, Mugil 
cephalus, Lithognathus lithognathus, and Psammogobius knysnaénsis. It is noteworthy that 
Mugil cephalus is relatively commoner here than at the mouth, whereas Liza ramada 
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is less common. These four species have been taken at King George Fort in water with 
a chloride content as low as 1-0°/94, and as high as 329/99. Liza ramada and Psammo- 
gobius knysnaénsis were also netted when the chlorinity was 33°/99, but at 38°/9, no fish 
were taken; they had presumably moved downstream towards the mouth, where the 
chlorinity was not observed to rise above 31°/9). When the chlorinity at King George 
Fort was 34/9 (4/5/49), mullet or springers were observed leaping out of the water, 
but as no seining was done that day it is not possible to say definitely to which species 
they belonged (probably springer, Mugil cephalus, which jump better than Liza ramada). 

Values obtained from the King George Fort Channel do represent a valid record 
of the salinity tolerance of species present at the time, since the water there is shallow 
and salinity layering is practically absent. 

White stumpnose (Rhabdosargus globiceps) were only found at King George Fort 
in April, and then not commonly. Several other species were found occasionally, 
including Gobius nudiceps, Atherina breviceps, Gilchristella aestuarius, Pomatomus saltator, 
and once a single silver bream (Rhabdosargus tricuspidens). 

The salinity is probably not the only factor which determines the distribution of 
the fish at Milnerton. There are also differences in food supply, substratum and 
turbidity which may be important. It seems unlikely, however, that temperature 
changes have any effect. Temperature differences along the estuary are small and 
there is definite evidence of temperature layering, so that extremes can be avoided 
by vertical migration. 

Foop or Fisu. Examination of the stomach contents of the commoner fish 
showed the following feeding habits: 

Liza ramada: Diatoms mixed with sand and algal filaments. 

Lithognathus lithognathus: Amphipods; isopods; Hymenosoma; Callianassa; 
Psammogobius; polychaets (Nephthys). 

Gilchristella aestuarius: Green alga. 

Rhabdosargus globiceps: Young Callianassa and other small Crustacea; 
Chironomid larvae; algal filaments; worms. 

Gobius nudiceps: Algae and small Crustacea, mixed with sand. 

It is improbable that any of these animals represent bait taken, as nearly all the 
fishing in the estuary is done by small boys using dough as bait. 


Discussion 


Milnerton shows a combination of features not encountered in any other South 
African estuary so far studied. It is a small, muddy estuary, with a narrow mouth, 
and is subject to tidal influence for part of the year. During the dry season the mouth 
closes and the source dries completely. In the stretch of water isolated in this way a 
reversed salinity gradient becomes established. This is due in part to additions from 
the sea over the bar, and in part to extensive evaporation in the upper reaches. This 
combination is made possible by the fact that the estuary lies in an area of low rainfall 
and, furthermore, that it lies in the winter rainfall belt where the dry and the hot 
seasons coincide. Another contributory feature is the brackish nature of the river- 
water. 
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The poverty of the fauna is striking. It is even poorer than that of the Hermanus 
estuary, which is also cut off from the sea for part of the year and lies in the winter- 
rainfall area. This poverty is difficult to understand, but the possible effect of 
environmental factors on the biota is discussed below. 

(a) Effect of Salinity 

The wide range of salinities and the rapid changes sometimes encountered must 
have a limiting effect on the population. For example, vlei-animals such as Micronecta 
scutellaris and Cloeon lacunosum, which appear when salinities are low, cannot withstand 
the high values reached later. Similarly, many marine species which enter the lagoon 
evidently disappear because of the salinity range; Bullia digitalis and Argobuccinum 
argus apparently succumb to the low winter salinities, Balanus algicola and Mytilus 
meridionalis to the high summer salinities. 

_ The very poor fauna of the Upper Channel is probably in part at least due to the 
extremely high salinities in the late summer, which seem to kill most of the animals 
and even most of the resting stages which normally remain viable over the dry period. 
Thus recolonization of the area must take place each year. This process is slow, and 
the fauna is not plentiful or varied even when salinities are low and vegetation present. 

Near King George Fort, where the water is shallow and the chlorinity ranges 
from 0:7°/o9 to 38°/99, there is practically no layering, so that animals can only escape 
extremes of salinity by migration down the lagoon (e.g. absence of the fish when the 
chlorinity rose to 38°/o,). Such action is only possible for mobile species such as 
crabs, shrimps and fish. 

In the lower part of the lagoon conditions are less rigorous; the chlorinity 
ranges from 1-3°/99 to 319/99, the water is deeper, and vertical layering is evident while 
the mouth is open. Tidal fluctuations mainly affect the surface water, the chlorinity 
near the bottom remaining relatively constant. Tidal differences disappear as the 
mouth silts up; meanwhile the chloride content of the lagoon rises, finally reaching 
a recorded maximum of 319/99. 

It is thus evident that, although all permanent inhabitants of the lower part of 
the lagoon must be able to survive chlorinities of 31°/99, the bottom dwellers at least 
can escape much of the effect of the fresh water. 

Chlorinity measurements in mud indicate that values in the banks of the lower 
part of the lagoon are more stable than in the overlying water, and intermediate 
between high and low tide values. Therefore conditions are more favourable to bur- 
rowing animals such as Callianassa than to surface-dwelling or natant forms. 

At King George Fort this is not the case. Here the salt content of the substratum 
rises to a high level, but does not readily drop again. In winter water of low salinity 
is flowing over mud with a very high salt content; high salinities apparently persist 
in the mud during most of the year. The same conditions seem to obtain at the 
Race Course; nevertheless, operculate snails (Tomichia ventricosa) survive both desic- 
cation and the high salinities by aestivating in the mud. 

Nicol (1935) mentions three possible ways of escape from fluctuating or extreme 
salinities in small estuaries: by following the tide up and down the estuary; by 
burrowing deep into the mud, and by sheltering under stones or debris when the tide 
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falls. These methods apply to normal open estuaries, but at Milnerton they are only 
available while the mouth is open. Conditions while the mouth is closed are therefore 
the real limiting factors for most of the fauna. 


(b) Turbidity and Mud 

The river-water is laden with silt, and plant growth is limited by continual 
deposition of mud and by poor light penetration. Zostera, which typically colonizes 
muddy sand in a normal open estuary, is entirely absent from Milnerton; the limiting 
factors are probably the extreme turbidity and the high salinities. 

The estuary thus lacks one of the richest habitats of other estuaries. Algae and 
Potamogetonaceae nowhere form extensive beds, and there is a consequent shortage 
of detritus and shelter. 

Smothering by the soft mud must also restrict the bottom fauna in much of the 
estuary. Although rich animal populations are found in similar mud in some parts 
of the St. Lucia estuary, they do not occur where the mud is constantly being deposited, 
as at the mouth of St. Lucia. 


(c) Oxygen 

An important factor in the case of burrowing animals is the oxygen tension in 
the substratum. Unfortunately no measurements could be made, but there is a 
noticeable blackening of the subsurface mud or sand over much of the estuary, 
accompanied by a smell of H,S and an almost complete absence of any burrowing 
animals, Exceptions are the crown crab Hymenosoma and Chironomid larvae, both 
found in the brown surface layer. 

Nearer the sea, where the bottom becomes increasingly sandy, animal life 
becomes abundant in numbers, though not in species. Here there is no subsurface 
blackening, but in any case many of the animals, for example Callianassa, live in 
burrows through which there is a constant circulation of water. 


(d) Temperature and Hydrogen-ion Concentration 

These are of doubtful value as limiting factors, since the ranges of temperature 
and pH are similar to those in, for example, the Hermanus estuary. Temperature 
may, however, play some part in the early disappearance of the fauna from the Upper 
Channel, where the shallow water becomes very warm as the stream dries up. At 
King George Fort and lower down the estuary there is definite temperature layering, 
the bottom water remaining comparatively cool. 

Even when the individual effects of salinity, oxygen lack, turbidity and instability 
of the bottom have been considered, it is difficult to account for the lack of many 
burrowing and surface-crawling molluscs and crustaceans found in other South 
African estuaries. Possibly the answer lies in combinations of environmental factors— 
a departure from the optimum of one reducing the range of tolerance to others. 


Comparison Wirth Soutu ArricAN Estuaries 

Milnerton is the second temporarily blind estuary to be studied. The first was 
Hermanus. The physical differences between the two help to reveal which environ- 
mental factors are important and how they react on the biota. 
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As shown by Scott, Harrison and Macnae (1952), the extensive Hermanus 
Lagoon is fed by fresh-water streams, and even in summer when the mouth is closed 
the inflow is sufficient to keep the salinity in the lower parts from rising much above 
that of the sea. Higher up the salinities are always lower, and a normal salinity 
gradient is maintained. Milnerton Lagoon on the other hand is small and fed by a 
brackish, temporary stream. After the mouth closes, salinities rise very high and a 
a reversed salinity gradient is established. 

Since the Klein River Estuary is widely open to the sea in spring, with tidal 
currents sweeping strongly up the lagoon, marine animals are able to penetrate far 
up the estuary. Although the stenohaline species are unable to survive the low 
salinities of unusually wet winters, the more euryhaline species establish themselves 
in the estuary and breed there. At Milnerton the mouth is small and tidal currents 
comparatively weak, and very few marine species survive for long. 

The Klein River is somewhat muddy, but the mud settles out very rapidly and 
the Lagoon is clear. The bottom is stable and supports a large burrowing and 
surface fauna, and there are extensive weed-beds which support an abundance of 
animal life. At Milnerton colloidal silt smothers both plants and animals. 

Milnerton is not readily comparable with the Knysna or Richard’s Bay estuaries, 
which are large, always open to the sea, and fed by permanent fresh-water streams. 
Neither suffers from excessive turbidity, the lower reaches in particular being clear, 
with extensive weed-beds and an exceedingly rich and varied fauna. 

The St. Lucia Estuary is subtropical and normally open to the sea. In some 
respects, however, it resembles Milnerton, showing a reversed salinity gradient with 
high values at the upper end in times of drought and excessive silting at the confluence 
with the Umfolozi. In the upper St. Lucia Lakes, where salinities are variable and 
may rise to over 50°/o9 S., the macroflora is limited to small quantities of Enteromorpha, 
and the fauna to a few euryhaline species. Some of these are found in the Milnerton 
Lagoon, namely Mercierella enigmatica, Hymenosoma orbiculare, Melita zeylanica, and a 
few fish (Gilchristella aestuarius, Mugil cephalus and Rhabdosargus tricuspidens). 


REGIONS IN THE EsTUARY 


Day (1951) proposed four subdivisions for a normal open estuary, namely the 
Head, the Upper Reaches, the Middle Reaches and the Mouth. Conditions at 
Milnerton are by no means normal, but if the comparison is restricted to the period 
when the mouth is open and the Diep River is flowing strongly, it is possible to relate 
the various parts of the estuary to Day’s regions. The Upper Channel at Milnerton 
corresponds roughly to Day’s ‘Head’; the upper part of the Lagoon, above the weir, 
to the ‘Upper Reaches’; the part of the Lagoon below the weir to the ‘Middle 
Reaches’, and the actual entrance of the Lagoon to the ‘Mouth’. Although the 
salinity ranges in these regions correspond to Day’s in being low or high, the actual 
values are not the same. This seems to be true of all the estuaries so far studied. 

When the mouth is closed and the Diep River dry, no comparison of the regions 
with those of a normal open estuary is possible; only one almost uniform, highly 
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saline region remains, showing a reversed salinity gradient and populated by a few 
hardy euryhaline species. 

As the Hermanus Estuary is also closed for part of the year, it may be of interest 
to compare its regions with those of Milnerton. At Hermanus the ‘Head of Estuary’ 
is represented by the Canal Zone, where, however, water is always present and there 
is a permanent though restricted fauna. The ‘Upper Reaches’ include the Ford and 
the upper two-thirds of the Lagoon; as at Milnerton this area is large in comparison 
with the other regions. The ‘Middle Reaches’ include most of the seaward end of 
the Lagoon; this region is much more extensive and better populated than the 
corresponding area at Milnerton., The ‘Mouth’ includes only the actual channel to 
the sea and its immediate vicinity; it has, however, a small permanent population of 
Echinocardium, a few molluscs, and crabs, which inhabit the sand-bar when the mouth 
is closed. 

Thus up to the present two types of temporarily blind estuary have been studied ; 
Hermanus, where the inflow of fresh water balances evaporation, so that the estuarine 
water remains within a normal range of salinities throughout the year; and Milnerton, 
where evaporation is much greater than the inflow of fresh water, and salinity ranges 
become extreme. 
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APPENDIX: CHECK LisT OF ANIMALS, WiTH NorTEs 


Abbreviations used: a, abundant. c, common. fc, fairly common. juv., juveniles. 
1, locally. LWS, low water of springs. p, present. r, rare. stn., station. vc, very common. 
PLATYHELMINTHES 
Small turbellarians; stns. 5 & 6; winter and spring. 
NEMATODA 
Small nematodes in sand along shores of Lagoon. 
Po.yzoa (Ecroprocra) 
Lophopodella capensis Sollas. Young colonies; stns. 5 and 6; June to Nov. (fc). 
Membranipora sp. Encrusts polychaet tubes, etc., in lower part of Lagoon; Nov. (p). 
Mo tusca: LAMELLIBRANCHIATA 

Mptilus meridionalis Krauss. Juv. on stones near mouth; Nov., 1947, Jan. and Aug., 1949 (p). 

(Adults sometimes washed in by tide in winter; later disappeared.) 

Ostrea sp. Oyster spat under stones near mouth, Jan., 1949. 

Mo ttusca: GasTROPODA 

Helcion sp. Juv. on stones near mouth, Nov., 1947 (r). 

Argobuccinum argus (Gmelin). Washed into lower reaches of estuary in winter; subsequently 
disappeared (p). 

Assiminea sp. near A. ovata (Krs.). Sand near foot of Lagoon, Sept., 1948, only (Ic). 

Tomichia ventricosa (Rve.). Stns. 5,6, 7; May to Dec. (c to a). Stn. 4, spring (p). Adults emerged 
from dry mud taken from the banks at stns. 4 and 5 in Feb. and immersed in water. 

Bullia digitalis Dillwyn. Washed into lower reaches, winter. Subsequently disappeared (r). 

Hermaeina sinusmensalis Macnae. Nudibranchs on Enteromorpha near old weir, Nov., 1947 (r). 

Bulinus tropicus (Krs.). Stns. 5, 6, 7; May to Dec. (c to a). Stn. 4, Sept (p). 

Succinia sp., probably |S. striata Krs. Stn. 6, Sept. (c). 

ANNELIDA: POLYCHAETA 

Nerine cirratulus Delle Chiaje var. capensis McI. Sandy mud near mouth, among Callianassa 
burrows (fc). : 

Prionospio sexoculata Aug. Stns. 2 and 3, sand just above and below water-line, LWS; also among 
Mercierella tubes, and in bottom mud below weir. 

Lumbrinereis tetraura (Schm.). In sandy tubes among stones in mouth of Lagoon, Nov., 1947. 

Nephthys capensis Day. In sandy mud among Callianassa burrows, and in bottom mud below weir (p). 

Capitella capitata (Fabr.). In muddy sand above LWS, stns. 1 and 2; also in bottom mud below 
weir (c). 

Oridia parvula (Ehlers). In muddy sand above LWS, stn. 2. 

Mercierella enigmatica Fauvel. This polychaet is found in Europe, but is not indigenous there; it is 
believed to have been transported there from Indian backwaters on ships’ hulls. (Fauvel, 1932.) It 
may, however, be native to South Africa too, as it occurs in many of the estuaries round the coast, even 
where ships do not penetrate. Large spindle-shaped Mercierella colonies occur commonly in Milnerton 
Estuary from stns. 1 to 3 wherever there is a suitable hard substratum; they also form large lumps along 
the edges of the banks (such colonies seem to be built over a firm lump of mud), or lying in the channel 
between stns. 2 and 3. Isolated tubes occur on stones and wreckage near the mouth. Living Mercierella 
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were collected from Aug. to Feb. This does not necessarily mean that they were absent at other times; 
they may merely have been fewer in number, or may not have been specially collected. The tubes are 
always present. In Jan., 1949, when the chlorinity was 28°/99, the Mercierella collected were alive, healthy, 
and with ripe gonads; juv. were also common. Jan. would thus appear to be their breeding season 
here (in France it is July; Fischer-Piette, 1943). Mercierella is known to be euryhaline, having been 
recorded from slightly brackish water as well as from pure sea-water (Fischer-Piette, 1933; Fauvel, 
1932). In the Milnerton estuary Mercierella shows a very wide range of tolerance, living worms having 
been collected in water of chlorinity ranging from 1-0 to 38/9). The larger colonies show a definite 
optimum level; this seems to be related to tidal levels and lies just above the surface at LWS. The 
spindle-shaped colonies extend both upwards and downwards from this level for a short distance. While 
the estuary is closed the colonies are usually partly or completely submerged. Numbers of small animals 
find shelter between the worm-tubes; these include young crabs (Cyclograpsus and Hymenosoma) and 
amphipods (Chiltonia and Melita). 
ANNELIDA: OLIGOCHAETA 

Small oligochaets, stn. 2, in sand just above LWS (r). 
ARTHROPODA: CRUSTACEA: CONCGHOSTRACA 

Leptestheria rubidgei (Baird). Stn. 5, May to Dec. (fc). Stns. 1 to 4 (r); probably washed down in 
the current. 


ARTHROPODA: CRUSTACEA: CLADOCERA 

Ceriodaphnia dubia Richard. Stn. 6, June. 

Ceriodaphnia sp. Stn. 5, Oct. (r). 

Daphnia hodgsoni G. O. Sars. Stn. 5; June (Ip) to Sept. (Ic). Stn. 4, June (p). 

Daphnia tenuispina G. O. Sars. Stns. 4 and 6, June (p). 

Daphnia propinqua G. O. Sars. Stns. 5 and 6, June (vc to a). 

Daphnia sp. near D. propinqua. Stns. 3 and 6, June. 

Daphnia sp. (another species). Stn. 7, Aug. 

Echinisca capensis G. O. Sars. Stn. 5, May to Dec. Not many taken, but is small enough to pass 
through net. 

Macrothrix spinosa (King.) Stn. 5, Oct. and Nov. (p). Another very small species. 

Moina dubia Richard. Stns. 3, 6, 7, June (p). 

Moina brachiata (Jurine). Stns. 3, 4, 5, 6, June. (a at stns. 4 and 5.) 

Scapholeberis sp. Stns. 3 and 6, June; Stn. 5, May, June; (c). 

Simosa australiensis (Dana). Stn..5: Sept. (p); Oct. (c); Nov. (fc); Dec. (r). Stn. 6, June (c). 
Stn. 7, June (p). 

Simosa vetuloides (G. O. Sars). Stn. 5, May to Dec. (vc Oct. and Nov., r Dec.). Stn. 6, June to 
Nov. (p). Stn. 7, June to Dec. (p). 
ARTHROPODA: CRUSTACEA: OsTRACODA 

Cypricercus cuneatus G. O. Sars. Stn. 5, June. 

Cypricercus episphaena G. W. Miiller. Stn. 5, June. Stn. 6, June (c). 

Cypridopsis spinifera G. O. Sars. Stn. 5, Oct. (p). 

Cypridopsis spp. Stn. 5, May to Nov. (p; c in Sept.). Stns. 4, 6, 7, June (p). 

Eucypris capensis (G. W. Miiller). Stn. 5, Oct. (p). 

Eucypris sp. near E. capensis. Stns. 5 and 6, June (p). 

Eucypris sp. near E. trichota (G. W. Miiller). Stns. 5 and 6, June (p). 

Heterocypris capensis (G. W. Miller). Stn. 5, June. 

Isocypris priomena G. W. Miiller. Stn. 5, June. Stn. 4, Oct. 

Isocypris sp. Stn. 5, Aug. (c). Stn. 4, Sept. 

Megalocypris d’urbani (Baird). Stn. 5, Sept. to Nov. (peak in Sept.). Stn. 6, June to Dec. Stn. 4, 


Megalocypris tuberculata G. O. Sars. Stn. 5, May and June. Stn. 6, June. 

Megalocypris princeps G. O. Sars. Stn. 6, Aug. 

Megalocypris hispida G. O. Sars. Stn. 5, Oct. (p). 

Paracypretta acanthifera G. O. Sars. Stn. 5, Oct. and Nov. (p). 

Paracypretta sp. Stn. 6, June. 

Pseudocypris testudo G. O. Sars. Stn. 5, June to Sept. (peak in Sept.). Stn. 6, June (p). 
Stenocypris hodgsoni G. O. Sars. Stns. 5 and 6, June to Dec. (peak in Dec.). Stn. 4, early winter. 
Stenocypris sp. near S. hodgsoni G. O. Sars. Stn. 5, June to Oct. oe 
Stenocypris sp. Stn. 5, Sept. to Dec. Stn. 6, Sept. to Nov. Stn. 7, Nov. Stn. 4, Sept. 
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ARTHROPODA: CRUSTACEA: COPEPODA 

Diaptomids, Harpacticoids and Cyclopoids were all taken from various parts of the area, but 
records are incomplete as most of the copepods (with the exception of the larger Diaptomids such as 
Lovenula sp.) are small enough to pass through the mesh of the nets used. 

ARTHROPODA: CRUSTACEA: CIRRIPEDIA 

Balanus algicola Pilsbry. On stones in mouth, Nov. 1947. 
ARTHROPODA: CrusTAcEA: IsOPODA 

Euridice longicornis (Studer). In sandy mud, stns. 1, 2, 3 (p). 

Exosphaeroma hylecoetes Brnrd. Stn. 3, spring, in weed. 

Exosphaeroma varicolor Brnrd. Among stones in mouth and in weed near weir, spring. 

Paridotea ungulata (Pallas). Juv. at weir, in weed, Nov. 1947. 

ARTHROPODA: CRUSTACEA: AMPHIPODA 

Chiltonia capensis Brnrd. Occur from the weir up to stn. 3 for most of year; disappear at stn. 3 
when salinities are very high. Juv. appear in summer; only adults are found in winter. Females with 
eggs caught in Oct. Live in weed, on sandy mud and among Mercierella tubes. Found at stns. 4 and 5 
in Oct. 

Melita zeylanica Stebb. In weed, under stones, and among Mercierella tubes, stns. 1-3; Oct. to Feb. 
ARTHROPODA: CRUSTACEA: MACRURA 

Palaemon (S. Str.) pacificus (Stimps.). Old weir to stn. 3 (p). Juv. in weed-beds. (p) most months; 
not at stn. 3 when salinities are very high. 

ARTHROPODA: CRUSTACEA: BRACHYURA 

Cyclograpsus punctatus M. Edw. (p) under stones from weir to stn. 2 throughout year; juv. also 
found among Mercierella tubes. In berry Nov. 

Hymenosoma orbiculare Desmarest. Stns. 1-3, whole year (not at stn. 3 when salinities are very high). 
Adults usually found crawling on the bottom or partially buried in the mud; young crabs common in 
weed and among Mercierella tubes. In berry Oct. 

Potamon (Potamonautes) perlatus (M. Edw.). Stns. 5, 6 and 7. Probably manages to survive the dry 
months by aestivating buried in the mud, since large, aged individuals have been caught in early summer. 
ARTHROPODA: CRUSTACEA: ANOMURA 

Callianassa kraussi Stebb. Found in Lagoon at stns. 1 and 2. Between stn. 2 and the weir it is not 
very common (muddy bottom); near the weir (where the bottom changes through sandy mud to sand) 
it becomes abundant, disappearing again close to the mouth where the sand is clean and shifting. This 
appears to be the first record of this species from the west coast of South Africa. It is curious that at 
Milnerton and Hermanus this species abounds in muddy sand, whereas at Knysna it occurs in sand, 
being replaced in muddy sand by the mud-prawn Upogebia africana. No Upogebia were found at 
Milnerton. 

ARTHROPODA: INnsECTA: EPHEMEROPTERA 

Austrocaenis capensis Brnrd. Stn. 7, Sept. to Dec. (c, Sept.) 

Austrocloeon africanum (E-P). Stn. 7, May to Dec. (c, Oct.). 

Cloeon lacunosum Brnrd. Stn. 3, Oct. to Dec. Stn. 4, Sept. to Nov. Stns. 5 and 6, June to Jan.; 
peak in Oct. when over 1,000 were counted in one sample from stn. 5. Stn. 7, May to Dec. (peak in 
Oct.). Stn. 2, occasional, probably washed down-stream. 

Centroptilum excisum Brnrd. Stn. 7, May to Oct. 

Pseudocloeon vinosum Brnrd. Stn. 7, Sept. (vc). 

ARTHROPODA: INSECTA: ODONATA 

Ischnura senegalensis (Rambur). Stn. 3, Nov. Stns. 5 and 6, Oct. to Dec. Stn. 7, May to Dec. 
These nymphs all appear to be J. senegalensis, and imagines caught in the vicinity were I. senegalensis. 
One nymph from stn. 5 was bred out and also proved to be J. senegalensis. 

Anax imperator Leach subspecies mauricianus Rambur. Stns. 5,6, 7. Nymphs taken from Oct. to Dec. 

Crocothemis erythraea (Brullé). Nymphs taken at stn. 5 in Oct. and Nov. might be those of either 
C. erythraea or Sympetrum fonscolombei. One nymph bred out in the lab. proved to be C. erythraea. 

Orthetrum sp., probably O. stemmale (Burmeister). Nymphs at stn. 6, Oct. and Nov. 

Trithemis sp. Nymphs at stns. 5, 6, 7; Nov. and Dec. 

ARTHROPODA: INsEcTA: HEMIPTERA: NOTONECTIDAE 

Anisops aglaia Hutch. Stns. 5, 6, 7; June to Dec. Juv., Sept. to Dec. (c). 

Notonecta lactitans Kirk. Occasional at stn. 6, June and Oct.; juv. at stns. 4 and 7, Oct. 

Plea piccanina Hutch. Stn. 3, June. Stns. 5, 6, 7, June to Dec. Peak at stn. 7 in Sept. 

Plea pullula Stal. Stn. 6, June to Dec. Stns. 5 and 7, Sept. to Nov. (peak in Sept.). 
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ARTHROPODA: INSECTA: HemIPTERA: CoRIXIDAE 

Micronecta sp., probably M. bleekiana Hutch. Stn. 7, Oct. (r). Only females caught. 

Micronecta gorogaiqua Hutch. Stn. 7, June to Aug. (c). One male taken in Dec. 

Micronecta piccanin Hutch. Stn. 7, June and Oct. (r). 

Micronecta scutellaris Stal. Stn. 4, Nov. (r). Stns. 5 and 6, June to Dec. Stn. 7, May to Dec. (ve 
in Aug.). 

Micronecta sp. Juv. were taken at these stations over the same period as identifiable adults. 

Sigara contortuplicata (Kirk.). Stn. 5, Oct. to Dec. Stn. 6, Nov. Stn. 7, Oct. 

Sigara meridionalis (Wallgr.). Stn. 3, Oct. and Nov. Stn. 4, Sept. to Dec. (peak in Sept. and Oct.). 
Stns. 5 and 7, Oct. to Dec. Stn. 6, Aug., Nov., Dec. 

Sigara sp. Juv. were common a month or so before identifiable adults. 

ARTHROPODA: INsECTA: HEMIPTERA: GERRIDAE 

Water-skaters, stn. 7, Dec. 

ARTHROPODA: INsecTA: COLEOPTERA: HyDROPHILIDAE 

Berosus (S. Str.) australis (Péring). Stn. 6, June. 

Berosus (Enoplurus) pudens J.B.-B. Stn. 6, June to Dec. 

Berosus (Enoplurus) spretus J.B.-B. Stn. 2, June. Stn. 3, Feb., June, Sept. Stn. 4, Oct., Dec. Stn. 6, 
Dec. 
Berosus punctulatus Boh. Stn. 7, Oct. 

Berosus sp. Stn. 5, Oct. 
Helophorus (S. Str.) aethiops J.B.-B. Stn. 3, June. Stn. 5, Sept. Stn. 6, June to Sept. Stn. 7, Aug. 
to Nov. 

Helochares (S. Str.) dilutus (Er). Stn. 3, Feb. Stn. 6, Oct. Stn. 7, June. 

Hydrochus sp. nov. Stn. 3, Sept. Stn. 4, Sept., Dec. Stn. 5, June-Sept. Stn. 6, June, Aug., Dec. 
(ve at stn. 6 in Aug.). 

ArtHropopa: Insecta: CoLeopTERA: HyDRAENIDAE 

Ochthebius (S. Str.) extremus (Péring). Stn. 3, April, June. Stns. 4 and 6, Nov., Dec. Stn. 5, Sept.— 
Nov. Stn. 7, June. 

Hydrophilid and Hydraenid larvae were found at stns. 3-7 from June to Nov. 

ARTHROPODA: INsEcTA: COLEOPTERA: DyTISCIDAE 

Bidessus aethiopicus Rég. Stn. 6, Oct. 

Canthyporus sp. nov. Stn. 6, Dec. 

Herophydrus obscurus Shp. Stn. 5, Dec. Stn. 6, Sept. 

Herophydrus oscillator Shp. Stn. 5, Nov., Dec. Stn. 7, Dec. 

Hydaticus capicola Rég. (May, however, be H. galla Guér.). Stn. 6, Nov. 

Laccophilus cyclopis Shp. Stn. 5, Dec. Stn. 6, Oct., Nov. 

Rhantus peringueyi Rég. Stn. 3, Oct. 

Tyndalhydrus coriaceus Rég. Stn. 6, Aug. 

Cybister tripunctatus Oliv. var. africanus Cast. Larvae; stn. 5, Dec. Stn. 6, Nov. Stn. 7, Oct. 
Other Dytiscid larvae collected at stns. 5~7 from June to Nov. or Dec. 

ARTHROPODA: INsECTA: COLEOPTERA: GYRINIDAE 

Whirligig beetles (MIL 51A); stn. 7, Sept. and Oct. (c). 
ARTHROPODA: INsECTA: COLEOPTERA: HALIPLIDAE 

Haliplus exsecratus Guign. Stn. 6, Sept. Stn. 7, Oct. Larvae at stn. 5, Sept. 
ARTHROPODA: INsECTA: COLEOPTERA: CURCULIONIDAE 

Aquatic Phytobid beetles; stn. 6, Oct. 

ARTHROPODA: INnsEcTA: DipTERA: TIPULIDAE 

Trimicra sp. Tipulid larvae and pupae, stn. 7, June and Nov. 
ARTHROPODA: INsEcTA: DipTERA: SIMULIIDAE 

Simulium nigritarsis Coq. Pupae, stn. 7, Sept. 

Simulium ruficorne McQ. Pupae, stn. 7, Sept. 

ARTHROPODA: INsecTA: DipTeRA: CULICIDAE 

Culex (Culex) theileri Theobald. Imagos were bred out in the lab. from larvae collected at stn. 5 
(May) and stn. 7 (June). Unidentified Culicine larvae and pupae common at stn. 5 (May to Dec.), 
and stns. 6 and 7 (June—Dec.; peak in Aug.). 

ARTHROPODA: INnsecTA: DipTeRA: CHIRONOMIDAE 

Chironomus sp. Red ‘blood-worm’ larvae and pupae; in sandy mud near water-line, LWS, at weir 

and stn. 2. Peak in Aug. 
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Chironomus sp., probably C. (Dicrotendipes) pilosimanus Kieffer. Bred out in lab. from larvae living 
in tubes constructed in Enteromorpha fronds, stn. 7, Oct. 

Chironomid larvae and pupae, including Chironominae and Tanypodinae, were collected from 
weed and surface mud in spring and summer, stns. 3, 4, 5, 6, 7. Peak in Aug. 
ARTHROPODA: INsectA: DipreRaA: STRATIOMYIDAE 

Stratwomys sp. larvae and pupae, stns. 5 and 6, June. 
ARTHROPODA: INsEcTA: DiprerRaA: EPHYDRIDAE 

Larvae were collected at stns. 2, 3, 4, 5, 6 and 7 at various times between June and Nov. 
ARTHROPODA: INSECTA: COLLEMBOLA 

Several species are found throughout the area from stns. 2-7, becoming abundant at times (Aug., 
Sept.). 
ARTHROPODA: ARACHNIDA: HyDRACARINA 

Arrhenurus spp. Stns. 5 and 7, Oct. 

Capeulais crassipalpis Sig. Thor. Stn. 5, Oct. 

Eylais lightfooti Sig. Thor. Stn. 5, Sept. Stn. 6, Nov. 

Hydrarachna sp. Stn. 6, June. 

Piona sp. Stn. 6, Nov. 
AMPHIBIA: ANURA 

Xenopus laevis (Daud.). | Tadpoles common at stns. 5, 6, 7, June~-Dec. Adult Xenopus occasionally 

Rana spp. taken. 


Gilchristella aestuarius (Gilch. and Thomp.). Vlei-sardine. Taken near mouth, Feb.-Nov., not 
Sept.*; possibly present for most of year. Most specimens are small and pass through seine. Largest 
taken, 7-3. cm. Chlorinity range 4°7+—31°/o9. ‘Taken at King George Fort in Jan., Feb., May and Nov. 

Heteromycteris capensis Kaup. Small flatfish. Lower reaches of Lagoon only, Feb.-Oct., not Sept.; 
possibly present most of year. Largest taken, 5°5 cm. Chlorinity range 3°2t—31°/o9. Rarely taken as 
most are small and pass through seine. 

Pomatomus saltator (Linn.) Elft. Near mouth, Nov.-March; at King George Fort, Nov. and Feb. 
Largest taken, 22-0 cm. Chlorinity range 24-28°/o). Rare. 

Rhabdosargus globiceps (Cuv.). White stumpnose. Taken near mouth throughout year except Sept.; 
at King George Fort in April. Largest 11-5 cm. Chlorinity range 3-2+—32°/99. c-ain spring and summer, 
less common in winter. r at King George Fort. 

Rhabdosargus tricuspidens Smith. Silver bream. Two taken near mouth, June; one at King George 
Fort, Feb. Largest taken, 8-7 cm. Only known chlorinity 28/99. 

Lithognathus lithognathus (Cuv.). White steenbras. ‘Taken near mouth and at King George Fort 
throughout year except Sept.; not taken on 14/2/50 at King George Fort when chlorinity had risen 
above 38°/9. Largest taken, 16:0 cm. Variably r-a in nettings, depending on whether seine had 
passed through a shoal. Chlorinity range 1-0—32°/o9. 

Mugil cephalus Linn. Springer. Near mouth, Dec.—Aug.; throughout year at King George Fort, 
except in Sept. and on 14/2/50 (Cl. over 38°/99). Largest taken, 20-0 cm. Chlorinity range 1-0-32°/o9. 
Usually commoner at King George Fort than at mouth. 

Liza ramada Risso. Mullet. Near mouth throughout year except Sept.; also at King George Fort 
except on 14/2/50 (chlorinity over 38/99). Largest taken, 26-3 cm. Chlorinity range 1-0~33°/o9- 
Variably fc—a in nettings according to whether the seine had enclosed a shoal. 

Atherina breviceps Cuv. Silverside. Near mouth throughout year except Sept.; at King George Fort, 
Nov.—April. Largest taken, 7-2 cm. Chlorinity range, 4°7+-32°/o9. Variably r-c at mouth; r at King 
George Fort. 

Gobius nudiceps Cuv. Common goby. Near mouth, Jan.—Nov. except Sept., possibly present 
throughout year. At King George Fort, Jan.—April. Largest taken, 11-3 cm. Chlorinity range, 
3°2t-32°/9). Wariably r-fc (probably always fc, but most are small and pass through seine). 


* Only one netting was made in Sept., and then no fish were taken at the mouth and only Liza ramada 
at King George Fort. 

+ The actual chlorinity values of the water from which the fish were taken are given where these are 
known (hauls did not always coincide with salinity determinations). It must, however, be remem- 
bered that the lower values given in cases marked + represent the surface chlorinity, and that fish 
living in the lower part of the Lagoon would be able to descend into water of higher chlorinity. 
Chlorinities not marked + probably represent a valid range of tolerance as they were taken at 
King George Fort, where there is no significant chlorinity layering. 
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Psammogobius knysnaénsis Smith. Sand goby. Throughout year near mouth except Sept.; most of 
year at King George Fort. Largest taken, 6-0 cm. Chlorinity range 1-0-33°/99._ Variably r—fe (probably 
always fc, but pass through seine). 

Clinus superciliosus (Linn.). Klipvis. Lower reaches of Lagoon only, Feb. 1948. 

Galaxias punctifer Castelnau. Minnow. Small specimens at stns. 5, 6, 7; June—Dec. 

Sandelia capensis (C. and V.). Cape kurper. Stn. 5, early summer. Has also been recorded from 
the Diep River and its tributaries (Barnard, 1943). 


APPENDIX: LIST OF PLANTS 


Symbols used: a, abundant; c, common; fe, fairly common; 
1, locally; p, present; vc, very common; W, Old Weir. 


STATION 
SPECIES 


FLOWERING PLANTS 
POtTAMOGETONACEAE 


Ruppia maritima L. fe c c a a 

Kannichellia Centon c a 
APONOGETONACEAE 

Aponogeton angustifolius Ait. . . . a c 

Aponogeton distachyus L.f. | a c 
SCHEUCHZERIACEAE 

Triglochin elongatum Bucher. . . Pp c c fc | 
GRAMINEAE 

Paspalum vaginttum Sw. le 

Polypogon sp. la 

Sporobolus virginicus Kunth, Pp c c c c 
CyPERACEAE 

Scirpus littoralis Schrad. | la 

Scirpus nodosus Rottb. . le 

Scirpus venustulus (Koenth) Boeck. eos a 

Scirpus verruculosus Steud. . Ie 
JUNCACEAE 

Juncus kraussti Hochst. Pp p Pp p 
ARACEAE | 

Kantedeschia aethiopica Spreng.. . p c 
IRIDACEAE 

Romulea sp. c c c c 
CHENOPODIACEAE 

Salicornia Meyeriana Moss.. . . . p p fe fc 

Arthrocnemum africanum Moss... . . . . p fc fc fc a p 

Arthrocnemum Pillansii Moss. . . ve 

PLUMBAGINACEAE 

CaRYOPHYLLACEAE 

Spergularia salina Presl.. . fc fc 
RANUNCULACEAE 

Ranunculus trichophyllus Chaix.. . . . fc 
SCROPHULARIACEAE 


1 Ww 2 3 4 5 6 7 
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STATION 
SPECIES 


| 
Compos!Tag | | | 
Cotula coronopifolia L. | lc | a | fe | p 
Cotula filifolia Thunb. . | | | fe | | 
| fe | c | | | fe 
Enteromorpha bulbosa (Suhr.) Kitzing | p | 
Enteromorpha compressa f. complanata Kiitzing. | Pp | | 
Enteromorpha intestinalis (L.) Link. | c c 
Enteromorpha spp. (unidentified further). . | ve | c | fe | c 
Hydrodictyon africanum Yamarouchi . . . | | | | ide | 
Ocedogonium sp. . | | & 
CHAROPHYTA 
Chara stachymorpha Ganterer | | | Ie 
| | | 
ADDENDUM 


Since the paper went to press the following identifications have been received 
from H. A. Rehder of the Smithsonian Institute, Washington. 


Helcion sp. (p. 309, last par.; p. 318 under Moxttusca: Gastropopa) is Helcion 
(Patinastra) pruinosa (Krauss). 


Assiminea sp. (p. 309, 4th par.; p. 318 under Mo ttiusca: Gastropopa) includes 
two species: Syncera globulus (Connolly) and S. isosceles (Connolly). 


Solen (p. 283, 1st par.) is Ensts capensis (Fischer). 
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CLIMATIC FLUCTUATIONS IN THE MIDDLE STONE AGE OF SOUTH 
AFRICA, AS REVEALED IN MWULU’S CAVE 


By P. V. Tostas 
Anatomy Department, University of the Witwatersrand, Johannesburg 


(With Plate VII and one text-figure) 


(Read March 19, 1952) 


The newer red sands in Transvaal caves may be subdivided into two phases separating three 
periods of the Middle Stone Age. The deposit in Mwulu’s Cave, which made this subdivision possible, 
demonstrates that there the Middle Stone Age outlasted the red sand era: if, then, we wish to define 
the climatic changes marking the end of the Middle Stone Age, we must look beyond the ending of 
the red sand conditions and, perhaps, postulate a second cycle of climatic changes, heralding the 
Later Stone Age. It is suggested that the Rainbow Cave, Makapansgat Valley, might corroborate the 
Mwulu’s Cave sequence and that faunal evidence from the Rainbow Cave might further elucidate 
the climatic changes at the end of the Middle Stone Age. 


Mwulu’s Cave, the archaeology of which I described three years ago, lies near 
the crest of the mountain range embracing the Makapansgat Valley and close to 
the triangulation beacon on the summit of the Strydpoort Mountains, From this 
elevated situation, one commands a view westward across the Transvaal bushveld 
to the peaks of the Waterberg; southwards, towards Pretoria, stretches the open 
plain of the Springbok Flats; to the east, beyond the Olifants River watershed, 
the eye ranges to the great Lebombo-Drakensberg mountain barrier; while to the 
north, beyond Pietersburg near by and Louis Trichardt afar, towers the distant 
Zoutpansberg. 

Human eyes have surveyed this panorama for perhaps 50,000 years since the 
cave was first formed in the interval between the Earlier and Middle Stone Ages. 
The special significance attaching to the cave’s seemingly paltry floor deposit, which 
nowhere attains a depth greater than 4} ft. and disappointingly yielded no recog- 
nizable bones whatever, rests in the record of windblown sands which created the 
dusty deposit. Mwulu’s Cave reveals for the first time that no fewer than two wind- 
blown sand episodes interrupted the Middle Stone Age sequence in the Central 
Transvaal. 

The purpose of the present paper is to review some aspects of the red sands in 
relation to man, and to discuss climatic fluctuations in the Middle Stone Age of 


South Africa as revealed by deposits of red sand in Mwulu’s Cave. 
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THe DistRIBuTION OF THE RED SANDs 


Red sands are widely broadcast over considerable areas of southern Africa. 
The greatest area is that of the Kalahari ‘Desert’ extending from the dunes along 
the north bank of the Kuruman River, northwards across central Bechuanaland as 
far as the southern approaches to the now largely dry great lakes, Ngami, Dow and 
Makarikari, north-west across the Nosob River system into South West Africa and 
north-eastwards towards the borders of the Transvaal and Southern Rhodesia. 

Another large area of red sand is found in Sul do Save, the southern province 
of Mocambique, extending inland for more than a hundred miles over the broad, 
low-lying, Pleistocene plain and culminating in the imposing red cliffs of the coastal 
dunes, as seen by the author at Vilanculos, Massinga, Morrumbene, Maxixe, 
Inhambane and Lourengo Marques. Further south are the red dunes of Durban, 
morphologically continuous with the Mocambique littoral. Detailed microscopic 
and mineralogical analyses of the coastal red sand are needed before the eastern, 
coastal, red sand system and the west-central system, separated by the great line of 
the Lebombo-Drakensberg Mountains, may be associated. For this purpose, 
samples of red sand were recently collected from the coastal dunes at Vilanculos, 
Maxixe and Massinga. These sands have not yet been analysed. 

Both major areas mentioned above are characterized by the presence of dunes of 
red sand, many of which have been rendered almost unrecognizable by their over- 
growth of vegetation, while others—especially in parts of the Kalahari—are only 
sparsely covered or not at all anchored by vegetation. 

Red sands are not confined to the areas of mobile or recently captured dunes. 
If the Kalahari is a primary or focal red sand area, there are other secondary 
deposits of red sand far afield from the primary focus, which areas represent the 
spread in former times of the conditions under which red sand has been formed and 
transported. In brief, the ‘active’ focal area is the minimal distribution of conditions 
giving rise to red sands, such as exists to-day; the derived or secondary deposits 
mark the maximal distribution of similar conditions, such as existed at various times 
during the Pleistocene period. Just as the focal red sands of Bechuanaland bear a 
special relationship to the products of man’s stone culture, overlying the Middle 
Stone Age (M.S.A.) remnants and, in places, underlying those of the Later Stone 
Age (L.S.A.) (Wayland 1950), so we find the derived red sands having a particular 
orientation to man and the products of his culture in the ‘secondary’ areas. 

Here, then, we are concerned with the secondary or derived areas of red sand; 
areas which, before 1946, had received very little attention and no systematic 
treatment. Prior to that date, secondary areas of red sand were reported from such 
widely separated regions as the vicinity of the Victoria Falls (Maufe, 1929, 1930), 
Sheppard Island in the Vaal River (Van Riet Lowe, 1929), Florisbad north of 
Bloemfontein (Dreyer, 1935), the Belgian Congo (Veatch, 1935), and, more recently, 
Angola (Janmart, 1946). ‘This extensive distribution raised the question of whether 
the deposits loosely designated ‘Kalahari’ sand had, in fact, spread directly from what 
we know to-day as the Kalahari. Thus, in 1933, Maufe suggested, in a letter to Dart, 
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that the more northerly red sand might be called ‘false Kalahari sand’ since he did 
not consider that the northerly deposits had actually been redeposited from the 
Kalahari (Dart, 1936). 

To-day, we regard the ‘Kalahari’ sand of the ‘secondary’ deposits as the result 
of a previously more widespread desert, which extended during Pleistocene times 
and, perhaps earlier, far beyond the present limits of the Kalahari. Dart (1936) 
certainly attributed the cave-filling at Taung to ‘Kalahari’ sand which had swept 
across in what he calls ‘the great Pliocene desert period’, to fill the Taung caverns 
and reach the present site of the Victoria Falls. This was, seemingly, the first claim 
that a cave deposit bearing hominid remains had been formed by the invasion of 
windblown sand. 


Tue Sequence oF THE Rep Sanp Deposrrs 


Bosazza, Brenner and Adie (1946) showed for the first time that the breccias 
in the Makapansgat Lime-works cave, in the Cave of Hearths and in the Rainbow 
Cave close by, were formed by the consolidation of windblown red sand. From a 
study of the relative ages of the red sands in the three deposits, by zoning fossils and 
zoning implements, they concluded that there had been a series of major expansions 
of the Kalahari Desert over the caves of the central Transvaal. The different stages 
of man’s evolution from the Australopithecine level, through the Earlier, Middle 
and Later Stone Ages, could be related to these various desertic episodes. 

In 1947, at Mwulu’s Cave, in the vicinity of Makapansgat, O. Mollett, 
P. Barkham, A. Allison, O. Jones and I found sterile red sand layers intercalated 
between implement-bearing layers of grey ashy sand (Tobias, 1949). We thought 
then that Mwulu’s Cave, at an elevation of 7,000 ft., ‘lay within the belt of wind- 
blown sand, which accumulated in the cave to form the red sterile layers between 
layers of occupation’. Accordingly, samples of the red sand were collected for micro- 
scopical examination. The abrupt replacement of the last M.S.A. level of occupation 
by a comparatively recent Bantu deposit, without any intervening red sand layer, 
had led us to believe that ‘the last stone age habitation of the cave thus coincided 
with the end of the red sand era, and we may assume provisionally that the climatic 
changes manifested elsewhere (at the end of the M.S.A.) terminated those conditions 
in which red sand accumulated in the cave’. (See Table I.) 

Recently, King (1951) corroborated Bosazza’s and his fellow-workers’ con- 
clusions and subdivided the red sands of the cave deposits of Makapansgat, Sterk- 
fontein, Swartkrans and Lobatsi (Bechuanaland), into newer and older sands. The 
older red sands, as in the Makapansgat Lime-works caves and Sterkfontein, con- 
stitute the Australopithecus horizon. The newer red sands, represented by pinkish 
cave-mouth breccias and buff sands, consist of two phases containing respectively 
Chelles-Acheul and M.S.A. implements. 

These two phases of the newer red sand are separated at Makapansgat by the 
breaking back of the mouth of the Cave of Hearths and the opening of the Rainbow 
Cave, The end of the newer red sand era is marked by further collapse of the dolo- 
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mite with the opening up of the ‘Historic Cave’ (where the tribesmen of chief 
Makapan were besieged by the Boers in 1854). The final episode in the cave sequence 


was a modern, slight coating of stalagmite. 


THe STRATIGRAPHIC SEQUENCE IN Mwutu’s Cave 


The first three columns of Table I summarize the sequence of strata and their 
contents in Mwulu’s Cave. 


Taste I. THE CULTURAL AND STRATIGRAPHIC SEQUENCE IN MWULU’S CAVE 


(Depths measured along EF/de) 


Stratum Depth Contents Microscopic Analysis 
- Recent, superficial 0-3” Potsherds of old Bantu | Sandy soil with much 
cave rubble. recluse, Mwulu; dating from | organic matter. 
nineteenth century. 

1. Uppermost ash and Finely retouched Magosian- ‘Windblown grains dis- 

sand layer. like Pietersburg implements | tinctly rare—probably 
(cf. upper level of Border | derived from an_ earlier 
Cave—Cooke, Malan and | deposit.’ 
Wells, 1945). 

2. Upper red sand layer. 9-21” Sterile. ‘Abundance of wind-worn 
grains—probably strong 
winds.” 

3. Middle ash and sand 21-30” Retouched Pietersburg ‘Sand wholly of local 

layer. flakes, including biface. | derivation.’ 
4. Lower red sand layer. 30-39” Sterile. | ‘Abundance of wind-blown 
“millet-seed” grains.’ 
5. Lowest ash and sand 39-57” Abundant, —unretouched ‘Some wind-worn grains 


layer. 


early Pietersburg flakes. 


| are present.’ 


The earlier study had left certain problems unanswered. Probably the red 
sand layers could be accounted for only by the windblown sand theory. The Mwulu’s 
Cave sequence might show whether the red sand conditions persisted throughout 
the period of M.S.A. occupation or not. Perhaps the only difference between the 
sterile and the implementiferous layers was that, in the latter, the red colour of the 
sand is disguised by its admixture with ash. Alternatively, the succession of red sand 
strata could betoken two phases of the red sand conditions. The complete absence 
of any accumulated red sand between the last Magosian-like M.S.A. level and the 


Bantu remains presumably has a bearing on the climate at the end of the M.S.A. ‘ 


To answer these questions, samples of the deposit from different levels were 
submitted to Professor L. C. King, head of the Department of Geology, Natal 
University, for microscopic soil examination and to Dr. E. Roux, Senior Lecturer 
in our Department of Botany, for palynological investigation. 


— 
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Unfortunately, the pollen analysis threw no light on the general climatic 
sequence. Only the surface sample yielded recognizable pollen. According to the 
report submitted by Dr. Roux, this contained three types of pollen, viz: 


‘(1) Grass pollen—individual species not identified. 

(2) Pollen of Myrtaceae, probably Eucalyptus. 

(3) Coniferae. Two-winged pollen grains, closely resembling those of Pinus or Podocarpus. They 
are identical in dimensions with pollen of Podocarpus latifolius.’ (As a yellow-wood tree has 
taken root in the cave-deposit, if it can be shown that this is a male, it is probable that the 
pollen comes from this tree.) 


Dr. Roux adds: “The absence of pollen from any but the surface layer is not 
unexpected. Pollen is normally only fossilized under anaerobic conditions and at a 
low pH.’ The walls of Mwulu’s Cave are covered in parts with a slight coating of 
stalactite; further, the flakes in the uppermost layer of habitation, towards the back 
of the deposit where Mwulu’s rubble disappears, were likewise coated with a lime 
layer. This lime coating, which would appear to correspond with King’s ‘modern 
slight coating of stalagmite’—the final episode in his cave sequence—is probably due 
to capillary action. The alkalinizing effect of the lime percolating through the 
deposit was probably responsible for destroying all (except the most recent) pollen, 
before it had become fossilized. 

The microscopic analysis of the soil samples yielded more fruitful results. 
Professor King’s report is as follows: 


‘Disregarding for the moment certain wind-worn, probably foreign, quartz grains at some 
levels, of which we shall write anon, the sands from Mwulu’s Cave are of extremely local 
derivation. Seldom have I seen from deposits of this kind such superbly shaped crystals, quite 
unworn. All the constituents, except the carbon and organic remains, are derived from the local 
granite. The unusually high proportion of heavy residues confirms this fact—there has been little 
importation of light materials from elsewhere. 

‘The wind-worn, “millet-seed” grains of quartz which appear at certain levels are, however, 
additional or imported. They are generally, though not always, larger than the subhedral quartz 
grains derived from the weathered granite and may have travelled froma considerable distance. 
They are just like the wind-worn grains found in the red sands (both older and younger) at 
Makapan, and can fairly be taken as indicating strong wind-action under a dry climate in the 
neighbourhood. 

‘I describe the samples from the bottom up, so that events follow in natural sequence. 


[Author’s note: Some of the samples were taken from squares close to the mouth of the cave, others 
from squares further back. Therefore, allowing for the slope of the strata, Ef 30” represents a 
deeper stratum than Dd 35” chosen near the mouth of the cave, where the total depth was greater.] 


Stratum 5: 

De 43” Magnetite, zircon, garnet, biotite, rutile, feldspar, hardly any of the grains worn, mostly 
euhedral, though some are cleavages. Quartz is mainly sub-angular, though some wind- 
worn grains are present. Wind action either weak or else the weathered granite detritus was 
accumulating rapidly. 


Stratum 4: 

Ef 30” Abundant, fresh, euhedral magnetite, euhedral zircon and rutile, garnet, biotite, epidote, 
feldspar. All of local derivation, euhedral or freshly cleaved. Quartz, mostly sub-angular, 
but there is an abundance of windblown ‘“‘millet-seed” grains. Shows a change of 
conditions over the previous sample. 
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Stratum 3: 
Dd 35” (Hearth) Magnetite, zircon, garnet, biotite, feldspar, all brilliantly euhedral and 
absolutely unworn. Quartz euhedral to sub-angular. This sand is wholly of local derivation. 
The hearth-users did not even tramp in odd wind-worn grains from outside (if there were 
any) on the soles of their feet. Possibly outside there was a thick grass cover and plenty of 
game ? 


Stratum 2: 


Ed 10-12” Minerals again mostly fresh cleavages or beautifully euhedral. Magnetite, zircon, 
garnet, tourmaline, (?) epidote. Quartz shows abundance of wind-worn grains, most of 
them much larger than the sub-angular grains from the local source. Probably strong 
winds outside at this time. 


Stratum 1: 


Ec 6” Abundant, heavy residue of magnetite, zircon, rutile, garnet, probably tourmaline, all 
euhedral or fresh cleavages and feldspar. The quartz is sub-angular and coarse in grain. 
Windblown grains are distinctly rare and probably derived in a secondary manner, from an 
early deposit. 


Ec surface: Sandy soil with much organic matter. 
None of the samples contained carbonate minerals.’ 


The main points of the soil report have been incorporated, as a fourth column, 
into Table I. The table shows a definite correlation between periods of habitation 
and the relative or complete absence of wind-worn grains, on the one hand, and 
between the red sterile strata and the presence of wind-worn grains on the other. 

Thus, the red sands of Mwulu’s Cave interrupt a long period of M.S.A. 
habitation; further, like the red sands of the Rainbow Cave, Mwulu’s deposit is 
partially incohesive, differing in this respect from the lithified, earlier Chelles- 
Acheul deposits of the newer red sand. For these two reasons, the red sands in 
Mwulu’s Cave, sandwiched between successive M.S.A. strata, may be correlated on 
stratigraphic and cultural grounds with King’s younger deposits of newer red sand. 
Now, for the first time, it becomes possible to subdivide these younger deposits of 
the newer red sands into two distinct phases, which, at Mwulu’s Cave, separate three 
different stages in the local evolution of the Pietersburg culture (see fig. 1). 


THe SEQUENCE OF Events Mwutu’s Cave 


The cave must have been opened before the beginning of the newer red sand II 
phase, i.e. in the interval between the Chelles-Acheul and M.S.A. phases of the 
newer red sand. It was during this same interval, according to King, that the 
Rainbow Cave opened and the mouth of the Cave of Hearths broke back. 

Following the opening of Mwulu’s Cave, men of the early Pietersburg culture 
entered and lived there for some period of time. Windblown sand was entering the 
cave to a slight degree at the beginning of this period; it increased progressively, 
however, until it made the cave untenable and the Pietersburg men departed. 

For a long period of time, then, the cave was uninhabited while the red sands, 
borne aloft by the winds outside, were blown into the cave. This phase corresponds 
stratigraphically with the beginning of the newer red sand II in the Rainbow Cave. 
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Fluctuations of the red sand from the Australopithecine era to the end of the Middle Stone Age. 
(Nore: The interrupted section at A indicates the uncertain lapse of time between the Australo- 
pithecine red sands and the advanced Chelles-Acheul horizon of the Cave of Hearths. 
The interrupted section at B denotes the cultural gap between the Chelles-Acheul and the 
Pietersburg I horizons, a gap not represented in the Makapansgat Caves but occupied elsewhere in 


the district by a Fauresmith phase.) 
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There ensued a period when no appreciable quantity of wind-borne sand was 
entering Mwulu’s Cave; then, men of the improved Pietersburg culture took up 
their abode in the cave. They brought back with them fine-grained cherts, felsites, 
clear and milky quartzes and chalcedonies; and their cultural achievements attained 
to secondary trimming and other technical refinements. The resulting industry is 
comparable with what we know of the M.S.A. remains in the Rainbow Cave. 

Later, conditions changed and strong winds drove an abundance of sand grains 
into the cave. Once more, man departed and the cave accumulated a thick layer of 
sterile red sand. This stage corresponds with the end of the new red sand II era. 

Man then returned and for a further period plied his advanced M.S.A. industry 
in the cave. His implements were smaller and more elaborately prepared; some 
showed reduction of the butt and of the bulb of percussion; others had been exten- 
sively trimmed on the flake-surface, ranging up to complete bifaced points. 
Conditions had changed again and no longer were the red sands flying into the cave. 
The period of the newer red sand had passed and man’s culture was evolving through 
a final, epi-Pietersburg, Magosian-like expression of the M.S.A, into the Later Stone 
Age (cf. Malan, 1949). 

The above sequence of events shows that Mwulu’s Cave deposit has proved a 
sensitive indicator of the fluctuating conditions in the M.S.A. 


CoMPARISON OF Mwutu’s CAvE AND THE RAINBOW CAVE 


No extensive account of artefacts from the Rainbow Cave has been published, 
although Van Riet Lowe (1943) has stated that artefacts from this cave were typical 
of the Pietersburg culture. In an unpublished report, I described and figured several 
implements of Pietersburg type from the Rainbow Cave in 1945. Typologically, 
there is a considerable overlap between the remains from the two caves. The Rain- 
bow Cave implements are more closely akin, both in material and in type, to those 
of the middle layer of M.S.A. artefacts in Mwulu’s Cave. No Rainbow Cave imple- 
ments show the advanced technical features of the ultimate, epi-Pietersburg phase 
in Mwulu’s Cave. 

Perhaps the Rainbow Cave contains evidences of phasic occupation. Up to 
now, no obvious strata haye been exposed in the deposit, apart from the multi- 
coloured hearth layers, to which the cave owes its name. On a recent visit, we 
collected samples from different levels of the rainbow hearth itself. These samples 
are to be submitted for microscopic examination and radiocarbon dating. 

In the original report, we emphasized the altitude of Mwulu’s Cave (nearly 
7,000 feet) as an important feature of the environment, in relation to high-flying, 
wind-borne sand. Its altitude might have made Mwulu’s Cave a more sensitive 
indicator of fluctuations in the red sand than the sheltered Rainbow Cave: the 
latter, although 200 feet above the floor of the secluded Makapansgat Valley, is 
1,000 feet lower than Mwulu’s Cave. 

Further, Mwulu’s Cave is placed high on the exposed eastern face of the 
escarpment of the Strydpoort Mountains, immediately overlooking the lowveld to 
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the east. In this position, the slightest dropping of the sand cloud or deviating of the 
main wind-currents or change in velocity of the wind could have produced the 
layers devoid of wind-borne sand. Such slight changes, while they might also have 
occurred over the Makapansgat Valley five miles away, might not have left their 
mark on the caves within the valley. 

A systematic excavation of the Rainbow Cave is urgently required to complete 
the cave sequence in the Transvaal and, perhaps, better illuminate the conditions 
during and at the end of the M.S.A. 


Cumatic CHANGES AT THE END OF THE MippLE STONE AGE 


The end of the M.S.A. was marked by distinct changes, of four main types: 


(1) Fauna. Several extinct species lived during M.S.A. times, while the L.S.A. is characterized 
only by remains of extant species (Wells, Cooke and Malan, 1942). This suggests that the extinct 
forms died out with the climatic changes at the end of the M.S.A. 

(2) Human types. The human forms associated with L.S.A. deposits differ from those of the 
M.S.A. The heavy-browed man of Springbok Flats, of Ingwavuma and of Fish Hoek, gave way to 
Bush-Boskop and Bush people of later times (Dart, 1940). 

(3) Stone culture. The Stone culture underwent a revolution in which the characteristic technical 
features of the M.S.A. were lost and new L.S.A. techniques emerged. 

(4) Climate. Well-marked climatic changes occurred, probably towards increasing aridity 
(Cooke, 1941). The nature of these changes is uncertain and some light may be shed on them by the 
Mwulu’s Cave sequence. 

In Mwulu’s Cave, the final phase of the M.S.A. occurred after the end of the 
newer red sand II epoch: on this evidence, the end of the M.S.A. and the end of 
the newer red sand era were not synchronous. This sequence of events might be 
corroborated if we could establish the fauna of the terminal stages of the M.S.A. and 
the fauna of the close of the red sand era. Since extinct species of mammals did not 
outlast the M.S.A., it would be useful to know whether any extinct species survived 
the climatic changes of the penultimate phase, the end of the red sand era. The 
Rainbow Cave may be expected to furnish precisely such information, since, unlike 
Mwulu’s Cave, the Rainbow Cave contains fossilized bones. 

If the accumulation of red sand requires desertic conditions, the end of the red 
sand era presumably indicates a return to a more genial climate. Yet other evidence 
(Cooke, 1941) indicates increasing aridity at the end of the M.S.A. This apparent 
contradiction creates the need to reassess our criteria of aridity. Bosazza (unpub- 
lished notes) has already cast doubt on the necessary association of red sand deposits 
with arid conditions. Although we cannot here go into all his counter-evidence, our 
own findings in Mwulu’s Cave may demand some other explanation for the end of 
the red sand era than simply a change to more genial conditions. 

If the main climatic changes at the end of the M.S.A. terminated the red sand 
era, then the climate in the final, epi-Pietersburg phase of the M.S.A. must already 
have been substantially like that of the L.S.A. If, however, significant climatic 
changes occurred after the end of the red sand era, the climate would seem to have 
undergone two cycles of change, the first of which ended the red sand conditions 
and the second of which ended the M.S.A. and heralded the new techniques and 
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peoples of the L.S.A. On the latter view, Cooke’s increasing aridity may be the 
second phase of change, which, nevertheless, did not result in renewed red sand 
conditions. 

It is clear that careful attention to stratigraphy and the microscopic analysis of 
soil samples in known cave deposits will elucidate the climatic happenings between 
the M.S.A. and the L.S.A. 
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The deposit in Mwulu’s Cave. Photograph of the wall of the excavation 
trench, showing the succession of inhabited hearth layers and sterile, red 
sand layers. 

(Layers A—E. correspond to Strata 1—5 in Table I.) 
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THE PREHISTORIC SITE AT CAPE HANGKLIP 


By R. P. GATEHOUSE 


(With Plate VIII and one text-figure) 
(Read March 18, 1953) 


The discovery at Cape Hangklip, Cape Province, of a large assemblage of stone implements, 
typologically of the Earlier and Middle Stone Ages, but lacking evidence from stratigraphy or from 
association with relics of other kinds, has posed an apparently difficult problem as regards their antiquity. 
‘There seems, however, to be a direct connection between the period of their manufacture and the 
geomorphological history of the area, and this indicates that the manufacture was contemporary with 
the old shoreline which lies about 25 ft. above the present sea-level. 

To establish chronology it is necessary to correlate the geomorphology of the area with develop- 
ments elsewhere of which the chronology, whether comparative or absolute, is known. 
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INTRODUCTION 


In March, 1934, Mr. F. Malan, a well-known amateur archaeologist, discovered 
a Palaeolithic site at Cape Hangklip, which lies at the southern extremity of the 
eastern arm of False Bay, opposite the Cape of Good Hope. The interest aroused 
caused the Abbé Breuil to spend three days there with Mr. Malan, and to make notes 
and a catalogue of the hundreds of stone implements comprising the latter’s collection. 

Not only does this site, and, indeed, the whole area, confront us with some 
important and interesting problems, but no account of it from the archaeological 
point of view has yet been published. It is certainly time that wider attention was 
called to it, and it is my purpose to describe the area and the implements found there, 
and to consider the problems which arise, with the particular object of arriving at the 
antiquity of the artefacts. 

It is, perhaps, somewhat rare to find so good an opportunity to estimate the age 
of artefacts; a large number were embedded in the peaty remains of an ancient 
marsh, and, as will be seen, there is evidence of the period during which the latter 
was formed. The absolute chronology may not, however, be fully established until 
botanical and radio-active tests have been carried out. 

In order accurately to establish the facts, I have made a prolonged examination 
of the area and of relevant phenomena elsewhere, during a period of two and a half 
years, and the completion of the somewhat difficult task of applying particular 
scientific theses to these facts has resulted in the co-ordinated history which follows. 
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Since I began to record the results of my investigation, a paper has appeared by 
J. A. Mabbutt (1954) describing the geology and geomorphology of Cape Hangklip 
and also touching on the stone implements and on the great beds of sea-shells which 
cover most of the area. This contribution should be read in conjunction with 
Mr. Mabbutt’s. 

For ease of description I have divided the area into three parts: the Stone- 
implement Site, the Sand-dune Section, and the Headland. They are shown on the 
accompanying sketch-map (fig. 1). 


THE STONE-IMPLEMENT SITE 


The Stone-implement Site extends continuously for over 1,000 yards from east 
to west across the base of the Headland. Its maximum width from north to south is 
about 150 yards. The floor has been lowered by erosion and stream action below the 
general level of the ground to its north and on its flanks, the depth of the depression 
increasing in the landward direction until it ends in an irregular bank, 3 to 6 ft. high, 
within the Groot Hangklip talus. 

The nature of the site was disclosed by the removal of the sand by which it had 
been covered. The chief agent of this displacement has been the number of small 
streams that emerge from the talus and traverse the whole site, and that have since 
removed nearly the whole of a heavy deposit of black, peaty soil 3 to 4 ft. thick that 
covered the site when first seen. 

It will be seen from the sketch map that the general configuration is not unlike 
that of a small inland bay, and it is not unexpected to find that the site is on a section 
of the ancient shore that frequently appears round the coast at about 60 ft. above 
sea-level. Sandstone pebbles and boulders of the old beach have formed the raw 
material of the stone industry. 

When first disclosed, stone implements and their debris lay in all positions 
relative to the peat, that is, above, within, and beneath it, but the majority are 
reported to have been at the lower levels. The removal of the peat has spread the 
stone comparatively evenly over the site, unworked pebbles of the old beach being 
similarly dispersed, so that it is now impossible to identify the exact position of the 
beach. The entire mass of stone, worked or otherwise, lies in inextricable confusion 


all over the site (Plate VIII, A). 


THe SAND-DUNE SECTION 


The Sand-dune Section lies immediately south of the Stone-implement Site and 
is much cut up by stream action and erosion. A general view of the ground suggests 
that the dunes were originally a single system of ridges running west-north-west to 
east-south-east across the base of the Headland. In the west the system makes junction 
with sandstone ridges that continue along the coast, the westerly dunes overlying this 
rock and being much eroded. 

In the east the dunes have resisted erosion owing to their stronger vegetative 
cover. They are also the first in the path of the wind most highly charged with sand, 
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so that the ridge system is here more intact and higher than elsewhere. In the centre 
disruption has been caused by the streams flowing from the Stone-implement Site, 
and erosion has consequently taken heavy toll; nevertheless, some of the better-clad 
dunes here rise 15-20 ft. above the general ground-level. 

A close examination discloses reasons for the belief that the system is really a 
compound of three different formations as follows: 


(a) Sandstone ridges. These are conspicuous towards the west, but cannot be traced 
with any certainty in the centre in spite of frequent outcrops and much denuda- 
tion of the sand cover. To the east the heavy deposit of sand covers everything. 

(6) Wind-laid dune ridges. These lie almost exactly west by north and east by south, 
which is, according to the sand-blast grooves on cemented surfaces, the precise 
bearing of the dominant sand-bearing wind. 


(c) Grey, sandy ridges underlying the dunes, and sometimes strongly cemented, are 
frequently exposed by erosion (Plate VIII, B and C). The demarcation between 
them and the overlying dunes is clean and absolute, and the curvature of their 
surface, where intact, is markedly uniform. It is impossible to trace them 
continuously for more than 150-200 yards, but over that distance they are 
parallel to the dune ridges that elsewhere cover them. They are being cut down 
rapidly by sand-blast where exposed. Where their crests have been protected 
they are 25-30 ft. above sea-level. Among these ridges, and possibly once an 
integral part of one of them, is the remnant of a hard white limestone some 2 ft. 
thick. 


Large assemblages of sea-shells frequently cover the tops of the western and 
central dunes, and are nearly’always present on their slopes, while they also occur 
—sometimes in thick layers—in the underlying grey ridges described under (c) above 
(Plate VIII, B). 

Beach pebbles are frequent. They occur on dune slopes, where they may have 
been deliberately placed, and where they are sometimes accompanied by fragments 
of ‘Hottentot’ pottery and the pestles and mortars probably used for its manufacture. 
Artefacts are infrequent; none has been found of the Old Stone Age, and there are 
no assemblages suggesting manufacture in this area. 

In hollows there are a few very rough circles of medium-sized stones which might 
possibly have been hut floors. One now lies in the bed of a stream. There are also 
a few rough pyramids of large beach pebbles. 


THe HEADLAND 


The Headland presents an unusual spectacle, being mostly covered with beds of 
old sea-shells which, together with those of the contiguous Sand-dune Section, extend 
over not less than 100 acres. It differs mainly from the Sand-dune Section in its 
extreme sparseness of vegetation and, consequently, in its far greater degree of 
erosion. 
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Scattered beach pebbles of various sizes occur, particularly towards the north 
where they are numerous on the edge of the Sand-dune Section. They may be the 
remains of a beach formed by the 25 ft. sea. 

In the bays on the northern flanks the shore is prograding by means of beach 
ridges of sand, while inland of these and roughly parallel to the shore are pebble ridges 
. in a good state of preservation about 

12-18 ft. above the sea. Where one of 

these pebble ridges meets the Sand- 

dune Section on the east shoulder of the 
aie Headland, it is truncated by the dune 
ridge. The correlation of the pebble 
ridges with sea-level is discussed in the 
section on chronological history. 
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GEOMORPHOLOGY 


Geomorphology affords some of 
the most important evidence of the 
antiquity of the stone implements. - 

It has been mentioned that older, 
grey, sandy ridges underlie the dunes 
of the Sand-dune Section. Their colour 
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ca is due to the presence of soil, and this, 

together with the well-defined line of 

Fie. demarcation between them and _ the 

Heights in feet above sea- dunes, indicates that they are a different 
level $30, ete. formation and had reached a definite 
Beach ridge of present sea... stage of development before the deposi- 


Conspicuous midden -- encircled M tion of the overlying dunes. Having 


regard to their shape, altitude, and 
orientation, it is probable, to say the least of it, that they were beach ridges of sand 
formed by the 25 ft. sea: no other hypothesis withstands examination so adequately. 
The progradation of the shore and the regression of the sea, exposing, no doubt, 
considerable areas of sand, would have resulted in the overwhelming of the beach 
ridges by wind-laid dunes taking the form of dune ridges in the usual manner. Even 
if it could be established that they were not beach ridges, their survival proves that 
the sea has not been above their level since they were formed, and they therefore date 
from, or since, the 25 ft. sea. 
The outcome of the formation of these old ridges must have been the erection of 
a strong barrier against drainage from landwards, and even if the flow of stream- 
water was less than to-day the formation of a marsh inland of the barrier would result. 
The former heavy deposit of peat is evidence that the marsh did in fact exist, while 
it is highly unlikely that, in the absence of a barrier, such an accumulation of soil 
could have remained with sufficient fixity on that sloping, wind-swept, rain- and 
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stream-washed bench to allow its conversion into peat. That the restored drainage of 
to-day has removed the peat in a very short time is eloquent testimony in this respect. 
There is thus a chronological relationship between the ridges and the marsh, and, 
therefore, between the former and any stone implements lying within the peaty 
remains of the latter. The great importance of this conclusion in regard to the 
antiquity of the stone implements is obvious. 

There is no evidence to show at what period the barrier was cut and drainage 
restored. The ruptures occurred along the front of the peat-bed, and therefore appear 
mainly attributable to the pressure of inland water. The weakening of the system 
probably commenced with the fall of the sea from the 25 ft. level, since the ridges 
would then no longer be reinforced by material from the longshore drift, while 
decrement by the inland water would be continual. Nevertheless, the recent and 
sudden removal of the surface sand and the peat suggests that at least the final stage 
of the disruption was a recent event. 

The 12-18 ft. pebble ridges of the Headland require comment. Their position 
in rear of prograding shores, their direction parallel to the present shoreline, their 
backshore terraces, and their altitude, are all consistent with storm beaches of the 
present sea before the recent progradation. But if this were the case there would be 
true beaches below them, and of this there is no indication, the whole formation being 
too shallow to admit of both. The possibility that they are true beaches of a sea 
intermediate between that of 25 ft. and the present one is unlikely on account of their 
shape; backshore terraces are not characteristic of true beaches. On the whole it 
seems most likely that they are displaced pebbles of the 25 ft. beach formed into 
beach ridges during an early stage of the regression of the sea from that level. It has 
been mentioned that pebbles probably of that beach are prevalent in the northern part 
of the Headland. 


Tue STONE IMPLEMENTS 


A detailed description of the stone implements is contained in Mr. Malan’s 
catalogues and all that can be attempted here is a summary of the types found 
together with comments on the considerations they raise. 

Numbers of implements still lie on the site, and many have been collected, while 
others have, no doubt, disappeared through such natural causes as flood water and 
redistribution of sand and soil. The local industry was probably of considerable size, 
or continued over a long period. 

The Abbé Breuil and Mr. Malan collected some 400 specimens and examined 
many hundreds more, representing, in the Abbé’s opinion, a fair average of the types 
present. Those collected are of the South African Chelles-Acheul culture complex, 
and Mr. Malan considered that the whole series of the Stellenbosch industry was 
present together with that of the Still Bay, and represented a parallel case to the 
discoveries in the Berg and Eerste River valleys, though the nature of the deposits in 
those cases was, of course, completely different. From this interpretation, the con- 
clusion might be drawn that men had lived at Hangklip without a break throughout 
this period of cultural development. 
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The Chelles-Acheul specimens collected have been classified as follows: 
Early South African Chelles-Acheul or Stellenbosch 7 


Other bifaced and similar . . . . . . (72 heart-shaped 
79 very pointed 
30 ovates 
10 varied) 
Cleavers and accompanying chisels . . . . 
Chisel-picks . . . . 3 
Chisels on dagger-like bifaces i 5 
Trimmed pebbles . . . . . . . «(8 hand-axes) 


Among those examined were spear-heads of Still Bay type and hundreds of 
implements showing the ‘faceted platform (Levallois)’ technique. 

Taking the site as a whole, Evolved Stellenbosch (IV—V) were by far the most 
prevalent, while the high proportion of heart-shaped and sharply pointed specimens 
among the core implements caused the Abbé to infer that, essentially, the work marks 
that period of change when the end of the Evolved Stellenbosch was approaching and 
giving way to an epoch similar to the Fauresmith (Micoquian-+ Levallois) of the high 
plateau. He called attention to the extreme scarcity of the pear-shaped types so 
frequent in the Early Stellenbosch, and to the fact that ovates would be far more 
numerous in the Mid-Stellenbosch. 

The scarcity of Early and Mid-Stellenbosch must pose the question as to whether 
they were the product of a local industry or were imported from elsewhere. If they 
were of local manufacture ,the very few Early pieces would indicate that the end of 
that period had arrived, while the shortage of Mid-Stellenbosch suggests a very short 
duration of that industry. This must infer that at Hangklip the Early, Middle and 
Evolved industries were very close together in time. There is also the possibility, 
quite usual in human activities, that the old, well-established methods survived for a 
time against the competition of a new system, in which case specimens of all three 
industries may well have been roughly contemporary in a local sense. 

My attention has been called to the likelihood that what appear to be Early and 
Middle pieces are, in fact, badly made—and therefore discarded—specimens of a 
later type. This may be so in some cases, though the Abbé made no comment to 
that effect, but the view is refuted in regard to the Early pieces by the fact, which I 
shall consider shortly, that they—and they alone—have a ‘rolled’ surface. 
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Other suggestions have been made to account for the scarcity of the earlier types. 
Firstly, that it is more apparent than real, many having been lost by natural causes, 
others being in the hands of unknown collectors, and some having merely not yet 
been found and identified. This may be so, but as regards natural loss the proportion 
should still remain roughly in accordance with the numbers manufactured, while 
the Abbé and Mr. Malan, who must have been at least among the first serious investi- 


gators, found but seven Early and very few of the Middle pieces, and recent searches 


for the former have been quite unsuccessful. Secondly, it has been suggested that the 
material was found unsuitable for the Early industry, as the sea had not then been 
at the 60 ft. level and the desired beach pebbles had not then been formed on this 
particular site. This, however, would not only infer an immediate change of industry 
with, again, a contemporaneity of types, but would place the change-over as occurring 
before the 60 ft. sea, in which case the new type would subsequently have been 
exposed to the wave action of that sea. 

It is therefore of great importance to note that the seven Early pieces, and they 
alone, are worn in a manner generally attributed to rolling by water action. If others 
bear similar signs they are so inconspicuous as to have escaped the notice of several 
searchers, and provide no evidence. There is no doubt about the Early pieces, or of 
the significant fact that none of this type has been found at Hangklip without the 
worn surface. Now the only adequate local water-power is the sea, and the coastal 
formation does not suggest that it has been otherwise during the period we are 
considering. 

If, then, the worn surface is the result of water action the pieces must 
have been rolled among beach pebbles by the 60 ft. sea. They could not have been 
transported from elsewhere by the small streams to which I have referred, because the 
latter only appear at the very foot of the talus, that is, on the site itself, while the shape 
of the ground testifies that they must emanate from a spring or springs beneath that 
talus, and very close to the site. 

If, however, the pieces had been rolled in the 60 ft. beach, they would have lost 
all resemblance to artefacts during the period of that sea; it has been demonstrated 
that ‘angular fragments of granite from quarries in Cape Anne, Massachusetts, become 
fairly well rounded by wave action in a single year, while under favourable circum- 
stances the wear upon pebbles amounts on the average to several inches per annum.’ 
(Johnson, 1919.) It is, perhaps, possible that a well-embayed arm of a high-level sea 
at Stellenbosch might be gentle enough to ensure the survival of artefacts for some 
time, but not so the exposed and stormy coast of Hangklip. 

The conclusion seems inescapable that none of the Hangklip implements has 
been within reach of the waves, and that if water action is responsible for the condition 
of the Early pieces the process must have been carried out elsewhere, in which case 
they were not manufactured at Hangklip. It is, of course, demonstrable that wear by 
river action can be quite gentle and slow, and that change of course and level can 
result in quite short periods of rolling. The evidence surely indicates that the few 
Early pieces originated in one of the river valleys; several reasonable and obvious 
causes could explain their presence at Hangklip. 
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Typologically the implements are of the Earlier and Middle Stone Ages, but it 
is clearly out of the question to use this evidence alone to determine their position in 
Pleistocene chronology. Stratigraphical evidence has disappeared in the confusion 
wrought by erosion and stream-water, though in any case this would probably have 
been a profitless study in view of the shallow nature of the stone-bearing deposits. 
Fortunately some good evidence is provided by changes of sea-level, and, as will be 
seen in the following chapter, by the interpretation of geomorphology in terms of the 
chronological history of the manufacture of the implements. 


CHRONOLOGICAL HIsToRY 


It is now possible to submit an outline history of the local stone industry, to 
indicate the period during which the work was carried out, and to solve the problem 
as to how it came about that implements and their debris lay at all levels throughout 
the peat as well as beneath and above it. 

The work was obviously carried out on the actual beach or foreshore of the 
6o ft. sea; there is no sign of it higher up, and since it has not been in contact with 
wave action (Johnson, 1919) it must date from some time after the fall of the sea from 
that level. The probabilities of human action also support the view that the sea was 
below the 60 ft. level at the time of manufacture of the implements; no man, how- 
ever ‘non-sapiens’, would attempt such patient work within almost continual reach 
of the heavy spray of an exposed coast—conditions that would prevail even with a 
greater tidal range than the present small one—when he could easily move ample 


material a few yards inland. 

The initial stage of the work must have resulted in the scattering of stone over 
what had been the foreshore of the 60 ft. sea, and it would have been covered by the 
encroaching marsh as soon as the formation of the ridge barrier caused the silting-up 
to begin. ‘This event would not have stopped work on so desirable a site, and further 
scattered stone would have come to rest on the silt, to be covered in its turn by further 
deposition. A continuation of the process must have resulted in stone lying throughout 
the marsh, and its subsequent form of peat, until either maximum deposition was 
reached or work was prevented by a rise of water. The topmost stone would either lie 
on the surface or be exposed by the early eflect of erosion. 

The earliest implements and debris must have lain on the old foreshore before 
the silt arrived at its level, that is, before or at the time of the completion of the ridge 
barrier, otherwise it could not have lain beneath the peat. It cannot be known at what 
time the 25 ft. sea began or finished the barrier, but in a small bay such as this, with 
a solid foundation of rock at one of its extremities, there is unlikely to have been 
serious delay after the sea settled at the 25 ft. level and began to transport material 
by means of its longshore drift. Investigations have shown that while the rate of 
formation of beach ridges naturally varies with local conditions, the time required is 
negligible compared with the Pleistocene periods we are considering; and since the 
duration of the 25 ft. sea is not known with an accuracy significant in this respect, it 
will suffice to say that the completion of the earliest implements was roughly contem- 
porary with that sea. 
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The important conclusion is thus arrived at that the earliest work can be 
placed within comparatively narrow time-limits; it was commenced and completed 
in the period between the regression of the 60 ft. sea and the course of the 25 ft. sea. 
It is most likely that the stone lying within the peat is very little later, because once 
the silting-up process started it would progress comparatively quickly. 

As regards the stone originally lying on the surface of the peat, while its antiquity 
has a limitation similar to the rest, its recency cannot be limited in the same manner. 
There is, however, the significant fact that no assemblage suggesting a manufacturing 
site of Earlier or Middle Stone Age implements has been found seaward of the Stone- 
implement Site in spite of the abundant material. The inference is that this seaward 
area was below sea-level at the time of the abandonment of the site, which would 
place approximately the same limit to the recency of the surface implements as to the 
others. 

The foregoing arguments have been advanced from the standpoint that the 
barrier ridges were marine-formed. If in fact this was not the case, nevertheless the 
evidence adduced as to the limitation to the antiquity of the implements still holds 
good, since the ridges must have been formed, as has been shown, during or after the 
period of the 25 ft. sea, or they would not have survived; while as regards recency, 
the arguments in the foregoing paragraph concerning the surface stone would apply 
with equal force to any stone in the area of the peat, that is, to the entire Stone- 
implement Site. 

It is clearly possible that the site was abandoned owing to flooding. The 
barrier with its subsequent overlying dune ridges could have contained an uncom- 
fortably high level of water; the highest summits are still about 50 ft. above sea-level. 

It remains to consider the question of chronology, and at present the only method 
of approach is by way of correlating the ancient raised shorelines of Cape Province 
with those existing in other parts of the world of whose chronology there is evidence 
which is at least significant. 

The danger of attempting to arrive at conclusions from such evidence lies in the 
obvious possibility that tilting, or differential movements of the land in relation to 
mean sea-level, may have taken place since the formation of a shoreline. This, if the 
movement were great, could cause sections of the same shoreline to appear at quite 
different levels, so that a section now at 60 ft. might originally have been formed at 
25 ft. 

Although this danger must always be present, the possibility of serious error is 
much reduced where two different shorelines are posed one above another and are 
at altitudes very prevalent elsewhere. Nevertheless, it may be wise to regard deduc- 
tions arrived at by this method as requiring confirmation from other sources. 

Of the Cape Province shorelines there are two which appear so widely as to be 
unmistakable, and they lie at about 25 and 60-70 ft. respectively above the present 
sea-level. It is a remarkable fact that shorelines at these very altitudes appear 
frequently over a large portion of the globe, and it would surely be unreasonable to 
regard those of Cape Province as being quite unrelated to them and as merely 
coincidental. It is significant, to say the least of it, that at Cape Hangklip, and else- 
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where in Cape Province, the shorelines at 60 and 25 ft. are posed one above the other, and 
that this also occurs in other parts of the world. 

It may be true that there is no absolute proof of the cause of past variations of a 
general nature in the level of the sea in relation to the land. It seems highly unlikely, 
however, that the land would move with such uniformity in so widely separated areas 
as Europe, Africa, Asia, North America, and Australia as to raise or lower shorelines 
to 25 and 60 ft., whereas freely communicating seas must take up approximately the 
same level everywhere. In that case their shorelines must be contemporary, and if 
there is a connection as to cause between those of South Africa and those elsewhere, 
then presumably it exists also as to time. 

It is generally accepted that both the eustatic theory and geology suggest that the 
60-70 ft. sea, called elsewhere the Main Monastirian, occurred somewhere about the 
middle of the Third Interglacial, and that the 25 ft. sea, called the Late Monastirian, 
existed towards the end of that period and at the beginning of the last glaciation. 
The absolute calculation discussed by Zeuner (1946) places these two seas at 150,000 
and 125,000 years ago respectively. From these arguments the important conclusion 
is arrived at that the Hangklip stone industry commenced and ended during the Third 
Interglacial, and probably during the last half of that period. According to the 
absolute calculation this would be about 120,000 to 140,000 years ago. 
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CASTE DIFFERENTIATION AMONG TERMITES 


By S. H. Skarre 
(With two text-figures) 
(Read March 17, 1954) 


The development of the five castes found in the nests of Amitermes atlanticus Fuller is described in 
this paper, together with some notes on the nasute soldier caste of Trinervitermes gemellus Sjdstedt. The 
investigations, carried out over a period of five years, lead to the conclusion that all newly hatched 
termites inherit the potentiality of growing up into any one of the castes and that the termites them- 
selves can control the appearance of the various castes in the nest. The great majority of the young 
are treated in a way that leads to stunted growth and sterility and they become workers and soldiers; 
the other castes appear only as and when needed. The methods used in these investigations are 
described. 


METHOD 


In an attempt to throw some light on the problem of caste differentiation among 
termites, some fifty nests of the black-mound termite of the Cape, Amitermes atlanticus 
Fuller, were brought into the laboratory at different times of the year over a period 
of five years, and there they were broken up and representative samples of some 
400 to 500 of the inhabitants, in all stages of growth, were preserved in 50 per cent 
alcohol. The samples from each mound were kept separate and dated and the 
specimens were subsequently examined and compared under the microscope. 

The methods used in keeping termites in observation nests have been described 
in earlier papers (Skaife, 1951 and 1954), but for these studies of caste differentiation 
a third method was employed. The termites from the broken mounds mentioned 
above were divided into lots, with some 10,000 to 20,000 insects in each lot, and these, 
together with their broken nest material, were put into ordinary 8 in. earthenware 
flower-pots. The pots were then buried up to their rims in the soil outside in the 
garden. So treated, the termites settled down quite readily in their new homes, 
bound the broken pieces of mound together and stopped up all cracks and crevices, | 
but they needed protection during the first day or so from ants, particularly the 
pernicious Argentine ant, /ridomyrmex humilis Mayr. This was provided by sprinkling 
10 per cent D.D.T. powder on top of the soil round the pots. 

After two or three days the termites found their way into the soil through the 
hole at the bottom of each pot and they foraged for themselves. Provided there was 
decayed wood and other dead vegetation in the vicinity of the pots, they needed no 
further care and attention. Weeks or months later the pots were removed and the 
inhabitants examined to learn what had happened to them. Batches of less than 
10,000 or so termites are apt to behave abnormally; small lots simply shut them- 
selves up inside the pots and linger on in idleness for months, subsisting apparently 
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by cannibalism. Batches of adequate size completely reconstruct the broken pieces of 
mound so that, after a few weeks, it is impossible to distinguish the original fragments. 
It was found that the pots must not be placed too close together in the ground, 
otherwise two batches from the same nest may meet in burrowing through the soil 
and they will join forces and thus spoil the experiment. 

The composition of each batch was varied as desired. One batch included the 
king and queen and all stages of the other castes and served as a control. Another 
contained only adult workers and soldiers and some short-winged grey nymphs, so 
that the development of these nymphs could be followed. Similarly, other pots con- 
tained, besides adult workers and soldiers, only long-winged white nymphs, or eggs 
and undifferentiated young only, and so on. The contents of most of the pots were 
examined after being left in the soil for three months, but some were left much longer 
than this; for example, one pot that contained only adult workers and soldiers was 
left undisturbed for eighteen months and, when examined after this period, was 
found still to contain live insects, thus showing that adult workers and soldiers can 
live as long as this and also indicating that they cannot be converted into tertiary 
reproductives. The other results of these pot experiments are given later in this 


paper. 


THE NEWLY HATCHED TERMITE 


Careful examination and comparison of several hundred newly hatched 
termites revealed no visible differences between them, except the presence of styli in 
some and their absence in others. The stylus is similar in size and appearance to the 
cercus, single-jointed and armed with three or four setae. They are difficult to see 
because they are usually hidden beneath the abdomen and it is assumed they are the 
mark of the newly hatched males; they are not seen in the later instars. 

The antennae of the newly hatched termite have 9 or 10 segments, but even at 
this early stage the third segment, counting from the head, is more or less distinctly 
subdivided into three, so that the number might be counted as g, 10 or 11. The 
central nervous system can be seen through the translucent body-wall of unstained 
specimens and it is large when compared with the size of the rest of the body. The 
supra-oesophageal ganglion occupies almost the whole of the upper part of the head 
and the three thoracic and six abdominal ganglia are very conspicuous and are 
contiguous. The nervous system does not seem to increase in size as the insect grows 
so that, in the adult termite, the brain is comparatively small and is situated in the 
front of the head, near the base of the antennae, and the abdominal ganglia are 
separated by long connectives. 

The mouthparts are soft and budlike and obviously incapable of dealing with 
coarse, solid food. The labrum is large and juts out prominently like a snout, while 
the mandibles are blunt, with rounded tips, and they point forwards. The maxillae 
and the labium, with their palps, are comparatively large and can be clearly seen; 
they are soft and white, like the rest of the mouthparts; hardening of the chitin does 
not occur until the penultimate instar. 
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Fic. 1. 


The five castes found in the nests of Amitermes atlanticus Fuller. All drawn to the same scale. a. worker; 
6, soldier; c, primary queen; d, secondary queen; ¢, tertiary queen; f, egg. The worker is about 
5 mm. long. 
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Tue DEVELOPMENT OF THE WORKERS 


One important result emerged early in the course of these investigations. All 
the young that hatch from the first batch of eggs laid by the atlanticus queens in the 
spring develop into workers. The queens begin to lay early in October at the Cape, 
after their long winter rest. Each lays several hundred eggs and then stops and has a 
rest that may last for two or three weeks or longer. The young from these eggs are 
more than half-grown by the middle of December, and by this time it is possible to 
determine their caste, from the shape of their mandibles and the presence or absence 
of wing-buds on the thorax. 

Examination of several hundred young termites taken from ten mounds of 
different sizes in December showed that all were developing into workers. There 
were no young soldiers or alates among them. By this time the immature individuals 
are about 3:5 mm. long, with 12 segments in each antenna (still with the third 
segment showing more or less distinct subdivision into three parts),and the mandibles 
are typical of those of the worker, broad at the base and armed with two or three 
marginal teeth. The thorax is much narrower than the head and there are no traces 
of any wing-pads. 

Thus it seems that the termites can control the appearance of the various castes 
in their nests, according to the needs of each community. In the spring, when more 
workers are needed to forage for food and to care for the innumerable young of 
midsummer, only workers are produced. 


THE DEVELOPMENT OF THE SOLDIERS 


Young soldiers are found in the nests only from about the middle of January 
onwards. At this time of the year some 3 to 5 per cent of the half-grown young have 
mandibles that are quite different from those of the others and their heads are 
longer, more oval than round. The change in the shape of the jaws is sudden. 
Occasionally one may find an individual that is just about to moult and the curved, 
sharp mandibles of the soldier, each armed with a single tooth on the middle of the 
inner margin, can be seen inside the broad, soft mandible of the previous instar. 
This change occurs at the end of what seems to be the fourth instar, when the insect 
is from 3 to 3°5 mm. long and the antennae have 12 segments. 

While all the young in the third instar are alike, and it is impossible to distin- 
guish the castes, it is quite easy to pick out young soldiers in the fourth instar. At 
subsequent moults the curved mandibles of the soldier become more pronounced 
and they harden and redden just prior to the last moult; at the same time, the head 
grows larger and more oval. 

For comparison with A. atlanticus some 500 young were collected from the 
mounds of Trinervitermes gemellus Sjéstedt at Somerset West, thirty miles from Cape 
Town, in November. This species has nasute soldiers. All the newly hatched termites 
were found to be exactly alike and they are so similar to the young atlanticus that it is 
impossible to separate them if they get mixed up. No immature soldiers were found 
among them, therefore it is probable that, with this species also, all the first batch 
of young develop into workers. 
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Bugnion (1912), the Swiss entomologist who worked on the termites of Ceylon 
published a drawing of a newly hatched snouted termite of that island, .Vasutitermes 
lacustris Bugnion. This drawing purports to show that the young soldier of this 
species has the peculiar snout and frontal gland already well developed when it 
leaves the egg. This drawing has been reproduced in later works and it is important 
because, if it is correct, then the various castes must be differentiated in the eggs 
and the theory of intrinsic causes is correct. But Bugnion was almost certainly 
wrong in his interpretation of what he saw when he examined his specimens. In all 
young termites the labrum is a prominent lobe that juts out like a snout, and what 
he thought was the frontal gland was really the supra-oesophageal ganglion showing 
through the translucent wall of the head. All the newly hatched 7. gemellus look 
very much like his drawing, but they are not nasutes. 


THE DEVELOPMENT OF THE ALATES 


Alates are found only in strong, flourishing colonies some ten years or more of 
age. They are never found in young or weak colonies. Also they are not to be found 
among the first batch of young in the spring. About the middle of January, among 
the immature individuals of a vigorous colony, some will be seen that are about 
3°5 mm. long, that have 12 segments in their antennae, and that have small, tri- 
angular outgrowths on each side of the meso- and metathorax. These individuals, 


_a little more than half grown and probably in their fourth instar, are young alates 


with their wing-pads just beginning to appear. Their mandibles are exactly like 
those of workers at a similar stage of development. 

In the next instar the wing-pads are much more prominent and they are 
directed back over the thorax. In the penultimate instar the wing-pads reach back 
to about two-thirds of the length of the abdomen. The insects are pure white and 
they are obviously fed on predigested food by the workers until they are mature. 
They become adult, winged termites by about the middle of February and they 
remain in the nests until the nuptial flight takes place in the autumn, in April or May. 
The eyes can be clearly seen in the penultimate instar but they do not become 
pigmented until towards the close of this stage. 

The fact that alates are found only in strong colonies and that they appear only 
in the mid-summer brood is another indication that the termites can control the 
appearance of the various castes in their nests. In a large mound, with 50,000 or so 
inhabitants, there may be several hundreds of them, but they are fewer in smaller 
colonies. 

THe DEVELOPMENT OF SECONDARY REPRODUCTIVES 


Although the long-winged white nymphs that develop into alates are found in 
the nests only at the height of summer, another type of nymph, grey and with short 
wing-pads, may be found in the mounds at any time of the year. These short-winged 
grey nymphs are the same size as the others, about 6 mm. long, but their eyes and 
wing-pads are in an arrested state of development, similar to those seen in the ante- 
penultimate stage of the white nymphs, They are grey because they go out foraging 
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with the workers and partake of the same coarse food, which shows through the 
translucent wall of the abdomen. Most colonies contain them, only a few in some 
cases but there may be two or three hundred in others. During the summer they 
are mingled with the white nymphs, but in the winter they are the only nymphs 
present in the nests. In normal colonies they live for months without any change 
taking place in their development. 

It is believed that these grey nymphs are immature alates that are treated in 
some way to prevent their complete metamorphosis into winged adults. That food 
has something to do with this is indicated by the discoloration of the abdomen, 
They are kept in reserve in the nests in case anything should happen to the primary 
reproductives, for it is they, and they alone, that can be converted into secondary 
reproductives to replace the original king and queen. 

This was proved by the pot experiments. Ten batches of 10,000 or so adult 
workers and soldiers, together with a number of grey nymphs in each, were isolated 
at different times of the year. When these were examined three months or more 
later, seven of the pots were found to contain secondary kings and queens—eighty- 
two of them altogether, an average of eight to a pot. Not all of the grey nymphs were 
converted; there were many still unchanged present in the pots. In three of the pots 
none of the grey nymphs had been converted into reproductives. No secondaries 
appeared in any of the pots that did not contain grey nymphs over the period of five 
years during which these investigations were carried out. 


Tue TERTIARY REPRODUCTIVES 


The tertiary reproductives are not much larger than adult workers, being only 
5'5 to6 mm. in length. They are rare and difficult to find. About 20 per cent of the 
mounds opened on the veld were found to contain secondary reproductives, but out 
of 150 or more nests opened during sixteen years, only three had tertiary kings and 
queens. In all three cases the colonies were weak, although they occupied large 
mounds, and were apparently dwindling on the way to extinction. In one nest there 
were two apterous queens and a king, in another there were only a single pair, but 
in the third there were twenty-five kings and queens; in each case more may have 
been present because they run about actively and hide themselves in any cracks or 
crevices they can find. Two of the nests, opened in the summer, contained immature 
workers and soldiers, as well as adults, but no sexual nymphs; the third nest, opened 
in the winter, contained only adults. 

Most of the tertiary reproductives have small, vestigial eyes on their heads, but 
they are absent in some. The prothorax is nearly as wide as the head and the meso- 
and metathorax project slightly on each side, as they do in young sexual nymphs 
when the wings first begin to appear. The mandibles are similar to those of the 
worker and alate, the head is brown but not as strongly chitinized as that of primary 
or secondary reproductives and the body is pale yellow. 

It is believed that tertiary reproductives are derived from immature workers 
that are treated in some manner that causes them to become sexually mature. It is 
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also believed that they appear only in nests where the primary pair have been lost 
and there are no grey nymphs to be converted into secondaries. But there is no 
evidence for or against this theory. 

Twenty-five batches of adult workers and soldiers, together with a large number 
of eggs and young, were isolated in pots during the summer and placed outside the 
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The development of the five castes. Head and thorax shown only. a, worker; 6, tertiary repro- 
ductive; ¢c, primary reproductive; d, secondary reproductive; ¢, soldier. 
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laboratory in the soil. When these were opened three months or so later it was found 
that in each case the eggs and young had been eaten, probably because of the violent 
upset caused by the breaking up of the mounds and the sorting out of the inhabitants. 
It is possible that some of the young had matured in the interval, but there was no 
way of determining this. No tertiaries were found in any of these pots, only adult 
workers and soldiers were present. 


CONCLUSION 


If the theory of intrinsic causes—the blastogenic theory—is correct, then the 
atlanticus queen must lay only worker-producing eggs in the spring. Later in the 
year about 8o per cent of her eggs must be worker-producers, about 5 per cent soldier- 
producers and the remainder alate-producers. Also from time to time she must lay 
a few eggs that develop into grey nymphs, as well as others that may develop into 
tertiaries if the need arises. It is difficult to accept this as a true picture of the 
situation. Surely she cannot lay any or all of her supposed five types of eggs just as 
they are required. 

All the available evidence indicates that she lays only one type of egg and that 
all her offspring inherit the potentiality of growing up into any one of the five castes. 
The majority are treated in such a way that they become stunted, sterile, blind 
workers. A comparative few at mid-summer are allowed to develop fully into 
winged, sexual adults. Some of these are kept in an arrested state of development 
and become grey nymphs, to be kept in reserve and to receive special treatment, if 
the need arises, so that they develop into secondary reproductives. In an emergency, 
when no white or grey nymphs are present in the nest, some immature individuals 
that would otherwise become workers are treated in a way that causes their sexual 
organs to develop and they become tertiaries. 

Apart from the eyes and wings and the state of the sexual organs, all these four 
castes are similar. It is well known that, among insects in general, there is a close 
correlation between the development of eyes and wings and sexual maturity, there- 
fore it is not surprising to find that secondaries and tertiaries have imperfect eyes 
and wings, while these organs are completely lacking in the sterile workers. 

The soldier caste is the most aberrant of the five and is the most difficult to 
account for on the theory of extrinsic causes, the trophogenic theory. The fantastic 
head and jaws, and the frontal gland, are so different from those of the other castes 
that it is difficult to believe they are due to differential feeding or other environ- 
mental factors. It is necessary to assume that all young termites inherit the soldier 
characters but they only appear in those individuals that receive the appropriate 
treatment, whatever that may be. 

Another grave difficulty that confronts the upholder of the theory of extrinsic 
causes is to be found in the fact that there are no special compartments in the termitary 
for the rearing of the different castes, as there are queen cells, drone cells and worker 
cells in the beehive. The young are all mixed up in the nest with the adults and seem 
to be fed indiscriminately by any of the workers that have food to offer. Under such 
circumstances one would expect things to go wrong occasionally and individuals to 
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be produced that are imperfect, that are intermediate between one caste and 
another. Such intercastes have been found among a few species of termites, but they 
are very rare and none has been seen among the many thousands of black-mound 
termites examined in the course of the present investigations. The intercastes 
recorded from other parts of the world (Adamson 1940) are soldiers with wing-pads 
on their backs and with functional sexual organs, and these indicate that we are 
right in assuming that all termites inherit the potentiality of developing into winged, 
sexual adults. 
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Methods of keeping large and small colonies of the Argentine ant under observation in the 
laboratory are described, as well as methods of feeding measured quantities of various foodstuffs and 
of testing poison baits. There is a brief account of the world-wide distribution of the pest and of its 
spread in South Africa. The habits, life-history and annual cycle under South African conditions 
are dealt with. Experiments to determine the reaction of the ants to light of various wavelengths and 
to a number of different scents are described, as well as a new type of maze, devised for the study of 
the means by which the insects find their way to and from their nests. After numerous experiments 
with poison baits, particularly with weak arsenicals made up on the lines of the well-known ‘Barber’ 
formula, the author reaches the conclusion that they are inefficient and do not kill off the queens and 
immature stages in the nests, as is commonly alleged. Dieldrin is deadly, but may have very harmful 
unwanted effects in the soil. D.D.T. is considered to be the best and safest remedy at present in use. 


INTRODUCTION 


The Argentine ant was first collected in 1866 in the neighbourhood of Buenos 
Aires and it was described and named Iridomyrmex humilis two years later by the 
Austrian myrmecologist, Gustav Mayr. After this nothing more was heard of the 
insect until 1891, when it was recorded as a pest in New Orleans. From that date 
onwards it has spread steadily round the world and has become a very serious pest 
in several countries. The map (fig. 1) has been compiled from a study of the literature 
dealing with this ant and the dates shown are those of the first official records of its 
presence in the various countries, but in every case it is almost certain that the 
insect had established itself in its new home some years before it attracted attention 
as a nuisance. 

No survey of the distribution of the Argentine ant in South Africa has so far 
been made but it has spread widely in the coastal region since its presence in Cape 
Town was first recorded in 1908. It is widely believed that the pest was first intro- 
duced into this country in forage imported from the Argentine during the Anglo- 
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Boer War, but there is no evidence for or against this theory. There are specimens 
of the ants in the collection of the Division of Entomology in Pretoria labelled 
‘Stellenbosch, 1go1’. ‘lo-day the insect is extremely abundant in the built-up and 
cultivated areas of the whole of the Cape Peninsula, but it is not found on the higher 
mountain slopes above about 1,000 feet. It is well established in Stellenbosch, Paarl, 
Wellington, Worcester, Robertson, Clanwilliam, Port Elizabeth, Graaff-Reinet, 
East London, and doubtless many other towns and villages in the coastal region 
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Fic. 1. 


The spread of the Argentine ant, Iridomyrmex humilis Mayr. In every case the date shown is that of the 
earliest official record of the presence of the ant as a pest, but it seems certain that the insect became 
established in the various countries some years before it attracted attention as a nuisance. 


of the Cape Province, but I failed to find it in Durban or Pietermaritzburg during a 
recent visit. A few small colonies have been found from time to time in Johannes- 
burg and Pretoria, but this species does not seem to flourish on the highveld. So 
far there is no record of the occurrence of the pest in the tropical regions of Africa. 
A study of the present distribution north and south of the equator indicates that the 
Argentine ant can flourish and spread in temperate and subtropical regions, but 
not in the tropics or in areas where the winter temperature drops below freezing 
for any length of time. 

Although many papers on this ant have been published since it sprang into 
prominence as a world-wide pest, few of these do more than announce its presence 
in the various localities, emphasize its harmfulness and suggest remedies. Most of 
the remedies are just copied from one author to another. The best and most compre- 
hensive account of the Argentine ant so far published is that by Newell and Barber 
(1913), in which they give the results of investigations carried out over five years 
in the New Orleans area. Little of significance has been added to our knowledge 
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of the habits, life-history and control since the publication of this important paper 
forty-two years ago. 


OssERVATION Nests FOR ARGENTINE ANTS 


Small, restless ants, such as the species under review, are not easy to keep in 
captivity in the laboratory and few authors seem to have attempted this. Newell 
and Barber found that the Janet plaster nests, widely used by students of living ants, 
are quite unsuitable for [ridomyrmex humilis, and I was able to confirm this when I 
commenced the study of this pest thirty-five years ago. The Argentine ant does not 
behave normally when imprisoned in a Janet nest, no matter how large. The 
workers strive continually to escape and if they fail to do so they kill their queens, 
cutting off their heads and carrying them about from one chamber to another. 
Only by giving them access to the open air can they be induced to settle down in 
an artificial nest. 

This means that they have to be confined on some sort of stand from which 
they cannot escape and various methods have been suggested for this. Lubbock 
(1881) used a shallow moat filled with water to confine his ants, and he also suggested 
the use of narrow strips of fur as a barrier, but the Argentine ant can walk over 
standing water with ease, particularly after dust has settled on the surface, and it 
crosses over fur without difficulty. A wall of dry, powdered plaster of Paris about 
2 in. or 3 in. broad and 1 in. high will keep the ants in for a time, but such a 
barrier is very flimsy and quickly gets broken down and displaced. Therefore the 
Forel arena, as it is called, is an unsatisfactory and troublesome means of confining 
ants for a short period only. 

Running water will prevent the escape of the Argentine ant and this was the 
method adopted by Newell and Barber in their investigations. They had a long, 
shallow tray of galvanized iron on the bench of their laboratory, through which 
water flowed continuously. In this they stood small wooden stands with glass nests 
of the Lubbock type on them. I tried this method some twenty years ago at the 
Cape but found the wooden stands unsatisfactory as they warped and were too small 
for large colonies of ants. Cement slabs were substituted for the wooden stands, 
each with plaster nests of the Janet type on them (Skaife, 1941), but these proved 
to be too cold and damp and the ants did not flourish on them during the winter; 
often the ants escaped when dead leaves and other debris fell into the trough of 
running water in the greenhouse in which the ants were kept. 

It was not until the advent of D.D.T. during the Second World War that I 
was able to devise a simple and thoroughly satisfactory way of keeping the ants 
alive in small or large colonies in the laboratory in such a manner that they had free 
access to the open air and could behave more or less as they do in the field. A brief, 
preliminary account of the method was published five years ago (Skaife, 1951), but 
since then further experience has led to certain modifications and the apparatus used 
to-day is as follows: 

The stands on which the nests are placed are made of wood or pressed-fibre 
boards and they are supported on screws 3 in. long, so that each stand is like a small 
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table. The size of the stand depends upon the size of the colony to be kept on it. 
For a colony of a few thousand ants, with their queens and immature stages, a 
stand of 8 in. by 16 in. (fig. 2) is suitable. A board 6 ft. by 3 ft. is large enough to 
accommodate a colony of 100,000 ants or more; while stands only 6 in. square are 
big enough when testing poison baits on small lots of 500 or so ants. 

Before the screws that form the legs of the stands are screwed into place each 
one is driven through a metal bottle top (crown cork) which serves as a holder for the 
10 per cent D.D.T. powder. The ants will not cross this powder and they quickly 


Fic. 2. Apparatus for the study of living ants in the laboratory. 


a. Wooden stand, the size of which depends upon the size of the colony to be kept on it. 

6. Glass tubes for water and liquid food, placed in holes in the stand to prevent rolling about. 

c. Three plaster of Paris nests. 

d. Screws with crown corks containing 10 per cent D.D.T. powder at the base to prevent escape of ants. 


learn to avoid the screws and run only on the tops of the stands. The powder retains 
its efficacy for many months and it is only necessary to stir it lightly from time to 
time to prevent caking and to remove dust from the surface. Although the ants 
can drop from any height without harm and although they must often be blown 
from trees and bushes by thé wind, they never attempt to escape from the stands 
by dropping on to the bench only an inch or so below their prison. The stands are 
all painted white so that the ants show up well as they run over them. 

For their nests plaster of Paris is used and some of the patterns devised for 
various purposes are shown in figures 4, 5 and 6. It was found, by offering the ants 
nests of different sizes and designs, that they show a preference for small, shallow 
cells, about an inch in diameter and an eighth of an inch deep. No soil is necessary ; 
if the cells are filled with soil the ants spend much time in removing it all, particle 
by particle. But the nests must have a humid atmosphere; they quickly desert a 
nest that is completely dry. Therefore a water-trough is constructed at one end of 
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each nest and this is filled with water two or three times a week during the summer, 
but less often in the winter. The ants place the eggs and newly hatched larvae in 
the damper parts of a nest and the pupae in the drier cells. They always stick the 
eggs and the newly hatched young above their heads, on the underside of the glass 
covers, apparently because by this means they avoid walking on them; also this is 
probably the reason why they show a preference for shallow cells, because in such 
cells they can easily reach the eggs and young on the ceiling. Older larvae and pupae 
are always placed on the floor of the cells. 

The size of the smaller plaster nests, 34 in. by 1? in., was chosen because micro- 
scope slides form convenient glass lids for such nests (fig. 5); the slides are cut 
accurately to size, are easily interchangeable and are available in quantity. Further- 
more, it is easy to plug the entrance to such a nest with a piece of cotton-wool and 
then to place the nest on the stand of a binocular microscope in order to examine 
the inhabitants. A nest of this size will accommodate comfortably a small colony 
of about 300 workers with a queen and young stages. Several of these nests placed 
side by side on a stand will accommodate colonies of any size required. With such 
an arrangement the ants show more liveliness and activity than if the colony is 
placed in one large plaster nest; they visit continually from one nest to another 
and are able to seek out conditions in the different nests that suit them and their 
young. 

Larger plaster nests, 5 in. by 4 in., were made to take a colony of about one 
thousand ants and their young (fig. 6). This size was chosen because a number of 
old photographic plates, 5 in. by 4 in. and 4} in. by 3} in., were available. The 
larger plates served as glass bases for the nests, while the quarter-plates were used 
as glass lids. As covers to the nests, to exclude light, 5 in. by 4 in. plates were painted 
black and wooden handles were fixed on them with a waterproof cement. 

In keeping a large colony of several thousand ants and many queens under 
observation, it is better to house them in several small nests, such as those described, 
placed side by side on a stand, rather than in one large plaster nest. A large nest is 
cumbersome and it is difficult to examine a large crowd of ants thrown into confusion 
when light is admitted to their nest. Every time the cover is removed the whole 
colony is disturbed, which is not the case with separate nests. Furthermore, the 
ants can transfer themselves and their young from one nest to another in their 
ceaseless search for optimum conditions. When the investigator has a large colony 
in fifty or sixty small nests on a stand 6 ft. by 3 ft., he can easily remove any of the 
nests with their inmates at any time to smaller stands for experimental purposes. 

The best time to take ants in the field for stocking the nests is during the winter. 
When a large, densely crowded colony is found in a rotten log or beneath a stone, 
they are removed and placed in a bag. In the laboratory the contents of the bag, 
workers, queens and larvae, together with any soil or decayed wood removed with 
the ants, are put into a shallow tray. I used large photographic developing dishes 
for this purpose. The tray and its contents are then placed on a stand and a bridge 
is put across from the tray to another stand on which are the empty plaster nests 
ready to receive the ants. Water is finally poured slowly into the tray and the ants 
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quickly leave the flooded material and find their way across the bridge and into 
the nests on the adjoining stand. By this means a large colony can be transferred 
in an hour or so. 

During the spring and autumn colonies with their eggs and young may be 
found beneath stones and the immature stages are easily collected by means of an 
aspirator and added to colonies in the laboratory. The ants will accept any queens, 
eggs and young offered to them in this way. There is no antagonism at all between 
members of different colonies of the Argentine ant. I have brought ants from 
Somerset West, thirty miles from Cape Town, and added them to colonies collected 
at Hout Bay, and they have all mingled quite amicably. The number of worker ants 
in the colonies on the stands can be augmented at any time by simply putting down 
glass plates smeared with honey outdoors near an ants’ nest; when a number of 
workers swarm on to the plate to get the honey they can be carried into the laboratory 
and dumped on to the stand which it is desired to strengthen. 


FEEDING THE ANTS 


The greater part of the food of the Argentine ant is liquid, consisting in the 
natural state of nectar, secretions from aphids, soft scale insects and mealy bugs, and 
the juices of such small creatures as they can overpower. Ant colonies in the 
laboratory can be fed on sugar syrup, honey, pieces of raw meat or fish, freshly 
killed insects, and so on, but if these are simply placed on glass plates on the stands, 
they soon dry up and the ants leave them. Furthermore, one cannot measure the 
amounts eaten or determine preferences by this method of feeding. 

To overcome these difficulties, glass tubes 3 in. long and } in. in diameter were 
adopted as containers for liquid food. Each holds 2 c.c. and is plugged at one end 
with a rubber stopper that can easily be pushed through from one end of the tube 
to the other when cleaning. To prevent the tubes from rolling off the stands and to 
give them permanent positions so that the ants could form trails to them from their 
nests, holders were made as shown in figures 2 and 3. The number of ants visiting 
each tube and the time they took to empty the contents then gave an indication of 
the popularity of the various foods offered. 

Ants are thirsty creatures and must have constant access to water, therefore 
one tube on each stand was kept filled with water. They also drink at the water- 
troughs of the plaster nests, seeming to prefer to get their water in this way. In 
order to offer a number of liquid foods to a large colony to ascertain which one the 
ants prefer, holders similar to those shown in figure 3a were constructed. These 
consist of wooden rods, 20 in. long by 1 in. in diameter, placed in tins filled with 
gravel to form a steady base. To prevent the ants getting into the tins, the top of the 
gravel was coated with plaster of Paris. Wire holders were inserted in the rods, ten 
in each, as shown in the diagram. A cork disc, 1 in. in diameter, with a hole punched 
in the middle, was slipped on to each tube to prevent it slipping through when 
placed in the loop of the wire holder. The discs, wooden rod and tin were painted 
white and the discs were numbered so that notes could be kept of the foods offered 
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in each tube. If the tubes are placed mouth upwards in the holders some of the 
ants slip into the liquid, particularly when it gets low in the tubes, and are drowned. 
To prevent this a slip of paper } in. wide can be inserted in each tube to give the ® 
ants a foothold. 
Tubes of the size mentioned can, however, be placed upside down in the Gal 
holders (fig. 36). Provided the liquid or tube is not greasy, surface tension will : 
hold the contents in place in this reversed position. When the ants feed at the 
mouth of the inverted tube the meniscus slowly gets a more pronounced curve until 
a bubble breaks away and rises to the top of the tube (fig. 34 and c). In this way the 


Fic. 3. Apparatus for feeding ants. 


a. Stand to hold to glass tubes for water and liquid foods. Each tube holds 2 c.c. 

b. Method of supporting tubes on stand. The cork disc at the base prevents the tube from slipping 
through the wire loop. Note the meniscus when the ants begin to feed at the inverted tube. 

c. Shows the increasing concavity of the meniscus as the ants feed. After a time a bubble rises in 
the tube and the meniscus is flattened once more. 

d. Another method of offering glass tubes of liquid food. The short pieces of rubber tubing prevent 
the tubes from slipping through the holes. 

e. Food chambers for solid food. Each chamber measures 3 in. by 1 in. by } in. and is covered with 


a microscope slide to prevent rapid drying. 
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liquid does not rise in the tube as the ants feed on it but remains easily accessible 
at the mouth of the tube. 

Many nutrient liquids were offered to the ants in order to find out their likes 
and dislikes. Usually they will eat honey eagerly, but they soon tire of it if it is kept 
continually before them. They refused to touch one jar of honey that was pur- 
chased, although it seemed to be quite all right to the human palate and I failed to 
discover what it was in that particular lot of honey that repelled the ants. They will 
not take milk unless they are very hungry and thirsty. : 

A favourite food is a syrup made of ordinary cane sugar and water. The 
strength of the syrup is not critical but they show a preterence for a strong solution 
over a weak one. If the solution is too strong the sugar crystallizes at the mouth of 
the tube and the ants leave it. A solution of equal weights of sugar and water was 
found to be satistactory and this was adopted as the standard solution fed to the ants. 
The addition of honey to this syrup did not make it more attractive; this is impor- 
tant when one comes to consider the recommended formulae for poison baits. 
Neither did the addition of vitamins or amino-acids increase the attractiveness of 
the sugar solution; they served rather to repel. The synthetic male hormone, 
methyl-testosterone (Oreton) proved to be a definite attractant, the ants visiting 
the sugar syrup in which this substance was dissolved (10 mg. in 2 c.c.) more 
eagerly than the syrup without it. 

Another liquid food for which they showed a great liking was soup made from 
dehydrated crawfish (Cape rock lobster, Jasus lalandii). At first sight this seemed 
strange as the ants would never come across such food in a state of nature, but the 
crawfish is an arthropod, and insects form a large part of the diet of ants in the 
field. ‘They will also take soups made from dead insects such as flies, termites and 
grasshoppers, and they will empty tubes of such food while leaving meat soup or 
fish soup almost untouched. 

For solid foods containers such as those shown in figure 3e were constructed. 
Strips of cork } in. thick were fastened to a glass plate with waterproof cement to 
form chambers 3 in. by 1 in. by } in. Microscope slides were used as covers for the 
chambers to prevent the food from drying out too quickly, and the ants gained 
access by small openings cut in one end of the cork. Foods such as scraps of raw 
meat, raw fish, hard-boiled egg, meat-meal, fish-meal, maize-meal, dead insects 
and so on were offered to the ants in these containers, and the numbers that entered 
each chamber and the speed with which the food was removed could be noted. 
With such apparatus it was found that dead insects and fresh raw crawfish were 
preferred to all other solid food. 

A peculiar habit, not seen in the field, can be noted when ants are kept in the 
laboratory. The workers carry their dead and the debris from their food and pile it 
in heaps on various parts of the stands, generally in some corner, to form municipal 
rubbish dumps, as it were. If left to themselves, they will, as a rule, form several 
such heaps, but they can be induced to adopt one spot only on the stand as their 
rubbish dump if all the debris is swept together in a single heap at one end of the 
stand, The workers will then carry all their refuse to the spot and this is very 
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convenient for the investigator because, by examining the heap from time to time, 
he can learn much of what is going on. For example, if a colony is starved for some 
time, pupal skins begin to appear on the heap and these are empty and shrivelled, 
showing that the hungry ants are tiding over the famine by devouring the pupae; 
eggs and larvae are only eaten if there are no pupae available. Corpses of dead 
workers are generally deposited on the heap intact; the ants do not normally eat 
dead adults, but often the antennae of the corpses are seen to be empty, as though 
their contents had been sucked out. Ants in the field doubtless have this same habit 
of depositing their rubbish in certain selected spots, but the wind blows it away and 
one does not see the accumulations that become so conspicuous in the laboratory. 
The rubbish dump of a large colony on a stand may be 3 in. or 4 in. in diameter 
and 1 in. or more high after a period of six months or so. 

Eggs, larvae and pupae of other species of ants are also a favourite food of the 
Argentine ant. If such are offered to them they carry them at once into their nests; 
the pupae and larvae disappear first, but the eggs of the foreign species are often 


Fic. 4. Mould for making plaster nests. 


The mould shown will make three nests at a time of the types shown in figs. 2 and 5. Microscope 
slides are used as glass lids for these nests. 
Pieces of wood screwed to base-board to hold loose wooden frame in position. 
Loose pieces of wood that form the mould. 
Strip of cork to form water-trough. 
Pieces of sheet rubber, } in. thick, to form cells. 
Strip of metal to divide one nest from another. 
Microscope slide that forms lid of nest. 
All parts are smeared with petroleum jelly to prevent plaster sticking to the mould. 
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retained in the nest for some time before they are eaten. Attempts to get the 
Argentine ants to adopt the young of other species all failed. Numerous eggs, 
larvae and pupae of some half a dozen species of South African ants, collected high 
up on the mountain slopes, were offered to one colony, far more than they could 
possibly eat. They simply carried what they required as food into their nests and 
dumped the rest on the rubbish heap. This was repeated several times over a period 
of months, but no adults of the foreign species were reared and no compound 
colonies were formed. 

The ants were rendered immobile by placing their nests in the refrigerator at 
about 1° C, for an hour, then the immature stages of the foreign ants were mixed with 
them and they were chilled again for twelve hours. It was thought that by this 
method the scent of the different species would mingle and perhaps become indis- 
tinguishable, so that the hosts would accept their guests as friends. But this did not 
happen. As soon as the Argentine ants recovered from the cold, they treated the 
foreign eggs, larvae and pupae as before. Similarly, an attempt to disguise the 
scent of the introduced young by placing a wad of cotton-wool moistened with eau- 
de-cologne in the nest failed. The ants disliked the scent and removed themselves 
and their own young, as well as some of the introduced young, to another nest. 
Later, when the smell of the eau-de-cologne had disappeared, they returned to their 
old nest and removed the remainder of the foreign young as food. 

Our native ants have all been exterminated in the Cape Peninsula wherever 
the Argentine ant has established itself and become numerous, with the exception 
of the driver ant, Dorylus helvolus. This seems to be the only native species capable 
of holding its own against the attacks of the aggressive little intruder. Indigenous 
species can still be found on the uncultivated mountain slopes above a height of 
800 ft. or so and on natural veld such as the Cape Point Nature Reserve—but there 
are no native ants in the lower part of the National Botanic Gardens at Kirsten- 
bosch, where the Argentine ant is very numerous. The indigenous species are 
doubtless eliminated because the Argentine ant carries off their young as food. 


THe ANNUAL CYCLE 


During the winter at the Cape the Argentine ant is more or less inactive and 
does not make its presence felt. It cannot move when exposed to a temperature of 
o-1° C, for one hour or longer, but it recovers quickly when the temperature rises. 
If the ants are placed in the ice-box of a refrigerator at —g° C. for an hour most of 
the queens and some of the workers are killed, but some workers survive an exposure 
of four hours to this temperature. Five hours or longer at —9° C. kills all the ants. 
This susceptibility to cold probably explains why this ant has failed to establish 
itself on the highveld in the interior of South Africa; the cold winter nights there 
are probably too severe for it. 

The ants live in densely crowded communities during the winter, communities 
consisting of many thousands of workers, a number of queens and some larvae. 
They live in sheltered spots where they cannot be flooded out by the heavy winter 
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rains, beneath stones, in decayed logs on the ground and in heaps of decaying 
vegetation. Some workers may venture out to forage for food on warm days, but 
they spend the greater part of the time in their nests. The queens do not lay at this 
time of the year. The larvae found in the nests are from the last brood of the previous 
autumn and they make little or no growth during the cold winter months. If the 
weather is severe and the ants are confined to their nest for a long period by the cold 
and wet, the larvae gradually disappear, probably being eaten to keep the rest of 
the community alive. Usually, however, most of the larvae carried over from the 
previous autumn survive to the following spring, when growth is resumed and they 
form the first pupae of the new season. 

When the warmer weather arrives and the temperature during the day rises to 
14° C. and higher the ants become more active and the huge winter colony breaks 
up into smaller units, batches of workers accompanied by queens leaving to seek 
summer quarters near sources of food. These sub-colonies remain in communi- 
cation with one another by busy trails, so that the ants in a garden or orchard may 
be regarded as forming one huge compound colony, with much visiting going on 
between one nest and another. 

The queens begin to lay in the latter half of September and, if the weather is 
warm and plenty of food is coming in, each may lay twenty to thirty eggs a day. 
These adhere to one another in small clusters (fig. 8d) and are carried away by the 
workers and placed in a damp, warm part of the nest. Each egg measures 0-2 mm. 
by o-3 mm. and is oval and white. The eggs are constantly moved by the workers 
from one place to another in their attempt to secure optimum conditions for them. 
If they are taken away from the workers they always fail to hatch; no matter how 
carefully they are kept in a humid, warm atmosphere, they shrivel up after a day 
or so. In the plaster nests in the laboratory the workers stick the eggs on the under- 
side of the glass covers, not far from the water-trough. If a nest is allowed to get 
too dry the eggs are the first to be moved to a damper spot. 

The eggs hatch in about twenty days, but they may take four or five weeks if 
the weather is cold. The newly hatched larvae are kept together near the eggs and 
they also are stuck on the underside of the glass covers of the nests. The ants are 
now much more active and they begin to make their presence felt as a nuisance in the 
house and garden. The larval stage lasts for about thirty days after which the full- 
grown larva enters on the prepupal stage, which lasts for six or seven days. The 
stomach now joins up with the intestine and the accumulated waste matter is 
expelled and removed by the workers. 

The first pupae of the season may be found in the nests early in October. 
These have developed from the over-wintering larvae and among them male pupae 
may often be found. The eyes of a pupa begin to darken in a few days and it is then 
easy to count the number of ommatidia because they appear first as separate dots, 
of which there are seventy to eighty in each eye of a worker (fig. 8g). The pupal 
stage lasts for about twenty days and the first callows appear at the end of October. 
Among them there are often some early winged males which remain in the nest until 


January or February. 
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Queen larvae and pupae are difficult to find in the field because they are hidden 
deep in the nest and they are the first to be carried away still deeper into the nest 
if the ants are alarmed. No queen pupae are to be found until late in December 
and the first winged females emerge at the end of the year and early in January. 
There is no nuptial flight of Argentine ants at the Cape; I have never seen any 
semblance of such a flight during the thirty-five years that I have been observing 
this pest. Newell and Barber (1913) record one such flight in Louisiana in 1908, 
but no mention of a similar occurrence is to be found elsewhere in the literature 


dealing with this ant, and it may be that Newell and Barber mistook the wedding 
flight of a very similar ant for that of J. humilis. 


On hot, still nights in December and early January, particularly if rain is 
threatening, winged males may be seen at lights, but never females. Mating takes 
place inside the nest. After two or three weeks in the winged state, during which 
time they do not leave their home, the young queens lose their wings. They are 


Fic. 5. Types of small plaster nests. 


Each nest measures 3} in. by 1} in., has a microscope slide as lid and will accommodate a small colony 

of about 300 workers, together with queen and immature stages. 

atod. Nests for confining the queens but at the same time allowing workers to go in and out. Type ¢, 
with the slit entrance, was the most satisfactory. 

e toi. Different types of nest made in the mould shown in fig. 4. Types f and h were preferred by 
the ants when offered a choice. Type i is the same as that shown in d, with a shallow corridor 
giving access to the nest, so as to keep the queen prisoner, but the ants did not enter this type of 
nest freely. 
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probably helped in this by the workers because I have often seen workers biting at 
the base of the wings and also nibbling at the stumps after they have been discarded. 
Many queens have been reared in the large stock colony in my laboratory but they 
have never appeared in small colonies of only a few thousand ants, however well 
they were fed. The wings of about half the young queens reared in the laboratory 
have failed to expand; this may be an indication that the queens are in process of 
losing the use of their wings, or it may be due to the artificial conditions under which 
they were raised. The shrivelled wings of such queens were removed by the workers 
and they behaved normally and laid fertile eggs. One of the specimens reared was a 
gynandromorph, male on the left side of the body and female on the right. 

The young queens begin to lay a week or ten days after the loss of their wings. 
They go on laying throughout the summer, and breeding reaches its height in March, 
when prosperous nests are crowded with enormous numbers of eggs and young of 
all ages. When the autumn rains start in April and the temperature drops the 
queens stop laying. The last pupae of the year emerge in May and the colony 
enters its winter quarters with adults and some larvae that are about half grown, 
but no eggs or pupae. The migration from the summer to the winter nests, with 
the accompanying concentration, occurs during April or May, depending upon 
whether the rains are early or late. 


LENGTH OF LIFE 


In order to determine the length of life of adult workers four or five hundred 
workers were isolated on a small stand, 8 in. by 16 in., with five small plaster nests. 


They were given some 3,000 pupae to care for and the date when the last callows 
emerged from these pupae gave the age of the youngest workers in the batch. This 
was done in December and the dates given below, taken from my notes, show that 
the workers live for about eleven months, but some can survive for fifteen months 
or longer. 


‘24. 12. 53. Workers and pupae isolated. 

15. 1.54. Adults have emerged from all pupae. 

20. 10. 54. The number of workers has dwindled to about half. 

17. 11.54. There are only about 500 workers left. 

28. 12. 54. About 200 workers are still alive. They spend practically all their 
time in the nest. One or two seen occasionally visiting food and 
water. 

6. 1.55. Some 50 workers remain, clustered together in one cell, not moving 
unless disturbed. 

25. 3-55. Only 23 ants still alive, obviously moribund.’ 


No laying workers appeared in this batch, or in other lots that were isolated 
from time to time for various experiments; therefore it would seem that laying 
workers are rare or absent altogether in this species. In an earlier publication 
(Skaife, 1941) I stated that I found some eggs in a batch of isolated workers, but 
further studies indicate that these eggs were probably carried in by the workers 
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unnoticed when they were isolated. Further evidence tends to show that laying 
workers do not appear in queenless colonies of the Argentine ant. 

In order to determine the length of life of the queens and the number of eggs 
laid by each, special nests were devised. What was required was a nest that would 
keep the queen prisoner but would allow the workers to go in and out freely, on the 
same principle as the queen-excluders used by beekeepers. First of all wire gauze 
excluders were tried. The wires of the gauze were adjusted so that the apertures 
were only 0-75 mm. high, big enough for the workers to pass through but too small 
for the queens. Pieces of this gauze were inserted at the entrances to the nests; this 
is easily done when the plaster is poured into the mould (fig. 5a). Queens placed in 
such nests could not escape and the workers went in and out to attend them, but 
they proved a failure. Queens, in attempting to escape, got their heads caught 
through the wires and the workers, apparently trying to help them, pulled their 
heads off. 

Next small holes, only 0-75 mm. in diameter, were bored in the plaster as 
entrances (fig. 5b). These proved successful, but the narrow tunnels impeded the 
workers when carrying food into the nest or removing refuse from it. Finally slit 
entrances were made, 0-75 mm. high by about 20 mm. wide (fig. 5c) and these were 
found to be a satisfactory means of confining the queens and allowing free access 
to the workers. Before they were imprisoned in these nests the young queens were 
chilled in the refrigerator, to render them immobile, and then marked with spots of 
red, blue, white or yellow cellulose paint on the abdomen. This treatment did not 
seem to injure them in any way and the paint remained on them for the rest of their 
lives as identity marks. It is practically impossible to mark workers in this way as 
they are so small that the paint clogs and kills them. 

By the use of such nests it was found that the rate of egg-laying varied widely 
with different queens and with the time of the year and with the amount of food 
that was available. No eggs were laid during the winter, from the middle of May 
to the middle of September. Some queens began to lay during the second half of 
September, while others did not begin until November. Some laid only five or six 
eggs a day for a few days and then stopped laying for a week or more, while others 
laid thirty or forty eggs a day until there were three or four hundred eggs in the 
nest and then they rested for two or three weeks. Older queens were more prolific 
than young ones and the weather had a marked influence, egg-laying ceasing when 
the temperature dropped to 15° C. or less during the day. 

In an attempt to determine the length of life of the queens, six winged virgins 
that were reared in January 1954 were marked with cellulose paint and then 
isolated on stands each with about 300 workers and two or three winged males. The 
young queens were placed in the queen-container nests on January 8, 1954, and 
they had all lost their wings by the 29th of the month. The first eggs were laid on 
February 12, 1954, and the first adult workers developed from these by April 9, 
1954, thus proving that the virgins had successfully mated in their prisons. Unfortu- 
nately all these queens came to an untimely end, two being killed by the workers for 
no apparent reason, and the rest dying through neglect while I was away for a few 
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weeks. This happened when the queens were only ten months old and it is certain 
that they can live much longer than this; I have queens that have been in my stock 
nests for two years, but I do not know how old they were when taken in the field. 

The Argentine ant enjoys an extraordinary freedom from parasites and disease. 
During the years I have had this insect under observation I have not come across 
any parasites or diseases. As opportunity offered I have fed diseased insects to the 
ants, including caterpillars dead or dying of wilt and fungous diseases, flies and 
grasshoppers killed by Empusa, and honey-bees infected with Nosema apis, but I have 
not succeeded in infecting the ants with any of these. One colony of ants was fed 
over a period of weeks with honey and sugar syrup heavily infected with Nosema 
spores and they took this food quite freely, but showed no signs at all of any ill 
effects from the parasites. 


ReactTIon To LIGHT IN NEsTs 


All ants seek darkness in their nests and are thrown into a state of confusion if 
light is admitted. The Argentine ant is no exception and normally the nests have 
to be covered to exclude the light. But they can be made to tolerate a certain 
amount of light in their nests. If a colony is placed on a stand in a corner of the 
laboratory where the direct rays of the sun do not reach and the covers are removed 
from the nests, the ants will be restless for a few days and carry their young from 
place to place, but eventually they will settle down in those cells that are furthest 
from the window. They can easily be given different coloured backgrounds by 
painting the floor of the cells with water-colours, black, blue, red, yellow, green, 
but this has little effect on the choice of the ants; they will go into cells with a white 
background in preference to those that are painted black if the light that reaches 
them from above is a little less intense in the former than the latter. As the intensity 
of the light varies during the day with the movement of the sun, the ants go with 
their young from cell to cell, always choosing the spots where the light is dimmest. 

Lubbock (1881) showed that ants, when given the choice, go under light at the 
red end of the spectrum and avoid the blue end. In making similar tests with the 
Argentine ant I secured a number of Kodak Wratten filters and made lids for my 
nests by cementing these with Canada balsam between microscope slides. These 
filters are very useful because each is accompanied by a graph showing the wave- 
lengths of the light that passes through them. I had twelve of the filters, ranging 
from one end of the spectrum to the other; they were blue (38A and CC-4o0B), 
cyan (CC-40C), magenta and violet (32, 34A), green (58, 13, X2, 11 X1), yellow 
(15G, 12, 6 Kr) and red (25A). These glass lids, each transmitting different wave- 
lengths of light, were placed on twelve small plaster nests side by side on a stand. 
A colony of three or four thousand ants, with queens and young, was then dumped 
on to the stand and the ants were left to choose which of the nests suited them best. 

After much running to and fro and exploration of the nests, they settled in those 
under the red filter, 25A, the greens, 58, 13 X2, and 11 X1, and the orange, 15G. 
They avoided all the others, only a few workers entering them from time to time 
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and then leaving. ‘The nest with the red light was the most popular, always being 
comfortably filled and containing the queens and the eggs and small larvae. Those 
under the green and orange filters were about equal in popularity, each being about 
two-thirds full, but containing only older larvae and pupae as well as workers. After 
a few days, when the ants became accustomed to the light in their nests, more of 
them went under the yellows, 12 and 6 K1, and stayed there, but these were only 
workers without any young. At the time of writing this colony has been on the 
stand for over six months and the ants still show the preferences mentioned above. 

Pieces of non-actinic glass, pale green in colour, 5 in. by 4 in., were obtained 
and used as lids to the larger plaster nests. The ants behave under this glass as 
though they are in complete darkness, thus showing that it is the actinic rays of light 
to which they are sensitive. Similarly, a shallow glass dish containing a solution of 
bichromate of potash in water, pale yellow in colour, cuts off the actinic rays and 
can be used as a lid for the nests. Such lids are very convenient because the ants 


Fic. 6. Larger plaster nests. 
Those shown measure 5 in. by 4 in. Cleaned photographic quarter-plate negatives were used as glass 
lids. Each nest will accommodate about 1,000 workers with queens and immature stages. Of the 
types shown in the figure, the ants preferred 6 and d when offered a choice. They did not like ¢ with 
its winding corridor. When a nest is too damp they move their eggs and larvae towards the front; 
as the nest dries they carry their eggs and larvae into the cells nearer the water-trough. 
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can be seen clearly through them and they can be watched while behaving normally 
inside their nest. 


OLractory TESsTs 


One hundred and two odoriferous substances were tested in an attempt to find 
a scent that would attract the ants, the idea being that such a scent could be added 
to a poison bait to make it more attractive. These substances were given to me by 
Dr. L. B. Ripley, the Entomologist at the Cedara Agricultural College, Natal, who 
used them in tests of fruit-fly baits. ‘They consisted of essential oils, terpenes, esters, 
aldehydes, alcohols, etc. ‘The method used in my experiments was simply to add a 
drop of the substance to be tested to a tube of sugar syrup and then to fasten this 
tube by a short length of rubber tubing to a glass tube 10 in. long. These were then 
laid, side by side and 2 in. apart, on a stand with a strong colony of several thousand 
ants. One tube of syrup was left unscented in each batch offered. The ants were 
watched to see if they were attracted by any of the scented syrups but in every case 
except one they were repelled or quite indifferent. 

They preferred their food unscented and fed on the untreated syrup and 
neglected the rest. Some of the scents were strongly repellent as could be seen by the 
manner in which the trail of ants passing the mouths of the tubes containing them 
curved away from these scents, but in other cases the ants passed close by the mouths 
of the tubes and showed no reaction at all. One substance, iso-butyl alcohol, gave a 
marked and peculiar reaction which I am at a loss to explain. It had a weak 
attraction for the ants and they entered the tube containing it and died there. This 
went on for several days until several hundred dead ants lay along the ro in. tube 
leading to the food with the iso-butyl alcohol. The ants never got as far as the food, 
but crawled about in the approach tube until they died. This discovery of the 
lethal effects of iso-butyl alcohol on the ants is a recent development and work with 
this and other alcohols is still going on. If a small brush is dipped in iso-butyl 
alcohol and held near a trail of ants they are repelled by it. 


DirEcTION FINDING 


A simple maze, constructed as shown in figure 7, can be used to learn some- 
thing of the manner in which the ants find their way. The maze consists of small 
pieces of wood, about 14 in. square, nailed to a board as shown, in rows 6 in. apart 
each way. Each nail has a crown cork filled with 10 per cent D.D.T. powder at its 
base so that the wooden top forms a miniature table from which the ants cannot 
escape. The holes in the wood are countersunk so that the head of the nail lies flush 
with the top. The runways are formed of flat pieces of steel, 6 in. long by } in. wide, 
painted white so that the ants show up well on them, and they are simply laid on 
the pieces of wood to form any route desired from the nest to the food table. 

If the steel runways are arranged as shown in the diagram, it takes the ants a 
long time to find their way to the food; it may be a week or more; they seem to be 
confused by the several changes in direction and turn back again and again after 
having negotiated a few of the right-angled turns. If they are offered the shortest 
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route (from x to y in the diagram) they quickly find the food. After this the steel 
strips can be gradually rearranged until the ants are following the long, roundabout 
route shown. Then, if steel strips are again placed in position to form the short route 
from x to_y, many of the ants will still go the long way round, obviously following 
the scent left on the steel strips. If some of these strips are well wiped with a damp 


Fic. 7. A maze used in the study of the ants’ method of direction finding. 


The nest and the food are placed on separate, movable stands to one side of the maze. The runways 

consist of metal strips, each 6 in. by } in., placed on top of miniature tables fixed in rows 6 in. apart 

and each isolated by means of D.D.T. powder at the base. The metal strips are movable and can be 

arranged to make any desired route between the nest and the food. a, nest; 6, food; c, maze; x toy, 
the shortest route between nest and food. 


rag to remove the scent, the ants will hesitate on coming to them and it will take 
some time before they cross and reform the trail. After a day or so they learn to 
use the shorter way only and the longer route is deserted. 

If steel strips are laid to connect all the small table-tops with their neighbours, 
so as to form a square pattern (as shown by dotted lines in the diagram), the ants 
can be made to follow any route from their nest to the food by painting an artificial 
trail on the strips along the desired route. This is done by soaking a few freshly 
killed workers in a small quantity of absolute alcohol or ether for several hours; the 
solution is then painted on the steel strips along the selected route. When the 
alcohol or ether has evaporated, the strip of steel connecting the nest with the maze 
is put back in position and the ants coming out to forage for food will follow the 
artificial trail so provided. The other strips, if they have been used before, must be 
thoroughly wiped to remove any scent that may be clinging to them. By this and 
similar experiments it can be shown that the ants follow a trail which is formed by 
some substance on or in their bodies that is soluble in alcohol and ether. 
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The ants seem also to be able to tell whether a trail they are following leads to 
or from the nest. This can be shown by turning one of the strips, so that the end 
which formerly was nearer the nest now points away from it; ants coming to such a 
strip hesitate for a while and run around in confusion, instead of hurrying straight 
on, as they do if the strip is not turned. They also have a sense of the distance 
travelled. If they are provided with the shortest route, between x and » in the figure, 
and are allowed to grow accustomed to this for several days, and if the strips are then 
rearranged so as to make the route longer, they are confused. When they have 
travelled about 3 ft. over this new route (the distance between the nest and food 
along x and y) they pause and many turn back to the nest. 

Many experiments carried out with the maze lead to the general conclusion 
that the ants make little or no use of their eyes when foraging or finding their way. 
The angle of the light rays reaching them seems to mean little or nothing, for turning 
the board on which the maze stands does not cause any confusion or hesitation. 
The ants find their way by following the trail which they leave behind wherever 
they go, and they have a sense of direction and of the distance travelled. 


Poison Barts 


The well-known ‘Barber formula’ for ant poison was first published in 1916 
(E. R. Barber, 1916). This was modified a few years later (Barber, 1920) and the 
formula recommended to-day is as follows: 


g lb. granulated sugar 
g pints water 
6 gm. tartaric acid 
8-4 gm. sodium benzoate 
15 gm. sodium arsenite 
1} Ib. honey. 


This bait has been used on an extensive scale in the United States as a remedial 
measure against the Argentine ant and it has been strongly recommended by authors 
in other parts of the world. Its virtue is said to lie in the fact that it acts slowly and 
the ants carry it back to their nests and feed their queens and young with it until 
‘the whole colony is annihilated; but there is little or no evidence in the literature of 
any controlled experiments to prove this. 

If the quantities quoted above are converted to grams (remembering that the 
pints are United States pints) it will be found that the proportion of the poison used, 
arsenite of soda, is approximately 0-17 per cent of the total weight. This is weak 
when compared with poison baits used against other pests; for example, the bait 
employed to combat locusts in South Africa contains 2 per cent arsenite of soda, dry 
weight, and 1 per cent by weight when the bait is moistened. 

The tartaric acid and benzoate of soda are added to prevent growth of moulds 
and bacteria, and the honey is said to make the bait more attractive, but it is 
doubtful whether these are necessary. If the bait is made up according to the above 
formula, but the tartaric acid and benzoate of soda are omitted, there may be a 
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Fic. 8. The Argentine ant, [ridomyrmex humilis Mayr. " 


a, male ant; 6, worker; c, queen, d, eggs; e, young larva; /, fully-grown larva; g, pupa. a—c are drawn 
to the same scale, magnified fifteen times; d-g are slightly more enlarged, magnified about eighteen 
times. 
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slight growth of moulds on the surface of the liquid after a few weeks, but there are 
no signs of fermentation; the arsenite of soda alone seems to be sufficient to prevent 
the growth of yeasts and bacteria in the syrup. Furthermore, if sugar syrups with 
and without tartaric acid and benzoate of soda are offered to the ants, they show a 
distinct preference for the unadulterated syrup. 

With regard to the honey, it is doubtful whether this adds appreciably to the 
attractiveness of the baits. Occasionally a type of honey may be found that is 
definitely repellent to the ants, although the human palate can detect nothing 
wrong with it. If mixtures of sugar syrup and honey, as well as pure sugar syrup, 
are offered to a colony of ants in the laboratory it is found that they feed just as 
freely on the sugar as on the mixture, and they usually stay at it longer. 

For these reasons the tartaric acid, benzoate of soda and honey were omitted 
when making up poison baits for test on colonies in the laboratory. A syrup made 
up of equal quantities by weight of sugar and water was adopted as standard and 
arsenite of soda was added to make up poison baits of 4, }, 4, ?, and 1 per cent 
strength by weight. Small colonies of about 500 workers, with a queen and immature 
stages of all ages, were isolated on small stands and fed with these baits. 

Preliminary experiments showed that it is easy to colour the larvae of ants by 
feeding to the colonies syrup that contains harmless food dyes. Seven such dyes 
were obtained and tried: magenta, amber and golden yellow (W. J. Bush and Co.), 
turquoise and red (‘Edicol’ brand), apple green and cochineal (‘Carleton’ brand). 
Of these, the best results were obtained from magenta, red and apple green. The 
ants take water and syrup strongly coloured by these dyes quite freely and the 
larvae that are fed by them show the colour clearly through the translucent wall of 
the body within a few hours of the dyed material being offered. Workers that fill 
their crops with the dyed material also show the colour clearly through the inter- 
segmental membranes of the distended abdomen. 

The magenta dye is remarkable in that some of the larvae have their whole 
body coloured by it, whereas the red and the green appear only in the stomach 
contents. The magenta also passes on into the pupal stage and some of the pupae in 
colonies fed with this material are beautifully coloured, but by no means all of them; 
the dye disappears when the callows emerge. The queens show no signs at all of 
the dyes in the food because the dark skin of the abdomen is too thick and opaque. 
One interesting point appeared in these experiments with coloured foodstuffs; very 
young larvae, only one or two days old, do not show any effect of the dyes; the 
colour shows up only in larvae perhaps three or four days old and older. This is 
taken as an indication that the newly hatched larvae are given some special colour- 
less food and do not receive any of the syrup until they are a few days old. In this 
respect the ants resemble the honey bees. It would be interesting to feed coloured 
syrup to a colony with queen larvae, but an opportunity for doing this has not arisen. 

By feeding ants with coloured poison bait it is possible to determine whether 
they are taking it or not, how many of the workers have the material in their 
crops, and whether they are feeding their larvae with it or not. One isolated colony 
was given pure sugar syrup coloured green and poison bait coloured red. It was 
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seen that a few workers fed on the bait at first but the rest quickly learned to avoid 
it and fed only on the harmless green food after the first day or so. By keeping this 
poisoned and unpoisoned food before the ants continually and replenishing the 
tubes with fresh material every few days, it was found that a colony so fed can carry 
on indefinitely, with little mortality. Occasionally a worker was seen with a red 
abdomen, showing that it filled its crop with the poison, but some at least survived 
because they vomited and got rid of the harmful food. Red vomit spots appeared on 
the plaster floor of the nest and were clearly visible. 

To test this ability of the workers to rid themselves of the poison in their crops, 
a further test was made. Several hundred ants were put in a petri dish with filter 
paper in the bottom. They were kept for a day or so without food or water and 
were then offered the red poison bait of 4 per cent strength. Many of them quickly 
filled their crops, but the next day few of the workers showed any signs of red in the 
abdomen and there were many vomit spots on the filter paper. The ants were then 
fed with unadulterated syrup and the majority of them survived for ten days, after 
which they were put back in the stock colony. Workers given the poison bait only 
and forced to feed on this, or die of starvation and thirst, all died within a week. 

Another isolated colony was fed with five tubes of baits of different strengths, 
varying from } to 1 per cent of arsenite of soda. Each bait was given a different 
colour. By this means it was found that, at first, the workers fed equally on all five 
baits, but after a few days they left the ? and 1 per cent baits and fed only on those 


containing 4, } and 4 per cent of the poison. They showed no preference for any of 


these weaker baits over the others. After a week the ants fed very sparingly indeed 
and the sick workers crowded into the water tube, as though they were suffering 
from extreme thirst. By the end of the second week only twenty-three workers were 
still alive, together with the queen and a few larvae and pupae. It is noteworthy that 
in this and similar experiments the queens were among the last of the colony to die. 
Six colonies, with about 500 workers, a queen and immature stages in each, 
were isolated on small stands during the summer. One colony was given water and 
sugar syrup and served as a control. The others were given water and poison baits 
of strengths varying from } to 1 per cent; the baits were coloured red as betore. 
The colony receiving the weak bait, 4 per cent, showed a mortality little greater 
than that of the control. Some of the workers fed on the bait but they vomited and 
apparently survived. After three or tour weeks the deaths seemed to be due to 
starvation rather than to the effects of the arsenite of soda. The death-rates in the 
colonies receiving }, 4, } and 1 per cent baits were about equal, the majority of the 
workers in each colony being killed off in ten days. The ants fed more freely on the 
weaker baits and that was probably why they died as quickly as those that took the 
1 per cent poison. In each case a number of workers, from about a dozen to fifty or 
more, lingered on, with the queens and a few larvae. None was completely annihi- 
lated by the poison during the three weeks the experiment was in progress. 
Experiments in the field showed that hungry ants will take the 1 per cent bait 
as eagerly as the } per cent. Racks holding five tubes filled with baits of different 
strengths were placed outdoors near trails of ants and kept replenished. In some 
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cases the stronger poison was taken more quickly than the weaker, but on the whole 
the tubes were emptied at about the same rate. After two or three days the workers 
began to place fragments of soil and vegetable debris round the mouths of the tubes, 
and experience taught me that this was a sign they were about to leave the bait. 
The following day the ants disappeared and no longer visited the tubes. 

It is extremely unlikely that the colonies were killed off, together with their 
queens and young. One very strong colony was known to be nesting under a large 
stone in the garden near a Eucalyptus tree. While this tree was in full bloom at 
mid-summer, poison baits were offered to this colony as described above. The rack 
of five tubes was placed at the base of the tree, across the busy trail of ants running 
up and down the trunk to collect the nectar from the flowers. Some workers visited 
the tubes and fed on the baits, but the majority ignored them. After five days all 
the ants disappeared, leaving the tree as well as the tubes. When the stone was 
lifted, no ants were found under it, dead or alive. 

The workers avoid the poison after some have been killed by it and in all 
probability the colony moves away from the dangerous area. Such a migration 
would be unnoticed because it would take place at night, when the major movements 
of the ants take place, when the queens run in the trails in the open with the workers 
and when the winged males leave the nests. Thus the disappearance of the ants 
soon after poison bait has been put down cannot be taken as proof that the colony 
is destroyed. 

Thallous sulphate and tartar emetic (antimonyl potassium tartrate) have been 
recommended as poisons suitable for use against the Argentine ant. I did not try 
thallous sulphate as it is too expensive and too dangerous for general use, but tartar 
emetic was tested in comparison with the arsenical baits. It was found that a 1 per 
cent tartar emetic bait has a killing power about equal to that of } per cent arsenite 
of soda, but the ants take the former less freely than the latter. 

To sum up: the poison baits widely recommended and used during the past 
thirty-five years or so are not satisfactory remedies. Of all the control measures 
suggested, including baits, trap nests, and contact poisons, such as mercury bichloride, 
gammexane, dieldrin, etc., I find that 10 per cent D.D.T. powder is the cheapest, 
simplest and safest remedy. If the powder is liberally sprinkled along trails, at the 
entrances to nests, round the legs of beehive stands, at the base of trees visited by the 
ants, and if the treatment is kept up persistently throughout the season, the ants 
are kept under control and give no trouble in the house, garden or orchard. 


REFERENCES 


Barber, E. R. 1916. “The Argentine Ant: Its Distribution and Control in the United States.’ U.S, 
Dept. of Agric. Bull., 377. 

Barber, E. R. 1920. ‘The Argentine Ant as a Household Pest.’ U.S. Dept. of Agric. Bull., 1101. 

Lubbock, Sir John. 1881. Ants, Bees and Wasps. London. 

Newell, W., and Barber, T. C. 1913. “The Argentine Ant.’ U.S. Dept. of Agric. Bull., 122. 

Skaife, S. H. 1914. The Chemist and the Entomologist. Association of Scientific and Technical Societies 
of S.A., Johannesburg. 

Skaife, S. H. 1951. ‘A New Type of Artificial Nest for Ants and Termites.’ Journ. Ent. Soc. of S.A., 
XIV, 1, 44-52. 


if. 
~ 
= 
4 
4 
SARE 
| 
the: 


a 
: 
| 
e 
= 
aa 


SOME GEOGRAPHICAL FEATURES OF THE FAMILY POLYGALACEAE 
IN SOUTHERN AFRICA 


By Marcaret R. Levyns 
(With one text-figure) 


(Read October 20, 1954) 


The two principal genera of Polygalaceae in southern Africa are Muraltia, endemic to Africa 
south of the Equator, and Polygala with a world-wide range. Muraltia has most of its species concen- 
trated in the south-west, only a few species occurring beyond the Cape region. Polygala has most of 
its species in the northern part of the area and the numbers diminish towards the south. Muraltia has 
many of its species confined to the upper mountain slopes whereas Polygala has not a single species of 
this kind within the Cape area. Outside its main area Muraltia has several species with marked 
discontinuities in distribution. Polygala does not show this feature. Over 88 per cent of the species of 
Muraltia have much restricted ranges of distribution. ‘The corresponding figure for Polygala is about 
48 per cent. On the other hand within the Cape area Muraltia has few widespread species while 
Polygala has several. Species of Muraltia have rather restricted ranges of tolerance to climatic 
conditions. Species of Polygala have a much wider range. 


Some fascinating problems in plant distribution are presented by the Cape 
Flora in southern Africa. This flora, the main area of which lies in the south-western 
coastal strip and its bordering mountains, is strikingly different from other African 
floras. It shows greater floristic affinities with the Australian flora than with those 
of its own country and this has frequently led to speculations as to their common 
Antarctic origin. Detailed studies of the distribution of typical Cape plants have 
given little support to this superficially attractive hypothesis, and the mystery of the 
origin of the Cape Flora still remains. . 

Many features of the flora suggest that it is ancient. Within its area of occu- 
pation lack of dominance is a striking phenomenon and this is generally accepted as 
an attribute of age. Another feature indicating great antiquity is its scattered 
distribution on mountain tops outside its main home. These islands of the Cape 
Flora extend right up into tropical Africa, sometimes penetrating north of the 
Equator. It would be difficult to explain these isolated patches of the flora otherwise 
than by assuming that they are relics of a once extensive flora. 

Evidence has accumulated to show that southern Africa in fairly recent 
geological times suffered considerable fluctuations in climate. The Cape Flora as 
we know it to-day will tolerate neither very dry nor very moist conditions. Approxi- 
mately 250 mm. of rain per annum is the minimum requirement for the existence 
of the Cape Flora, and once the rainfall drops below this, the flora is replaced by 
one better able to withstand arid conditions (Levyns, 1950). In the past lowland 
areas would have suffered most during arid periods while the mountains with their 
higher rainfall and more favourable conditions for plant growth would have 
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provided a refuge for the endangered flora. ‘(The change from moderately favourable 
to arid conditions would have been graduai and have provided time for plant 
migration from the lowlands to the mountain heights. In this way it is possible to 
explain the disjunctive distribution on mountain tops of the Cape Flora away from 
the coastal strip in the south-west. 

Another factor which may have influenced the migration of the Cape Flora 
in the past is too high a rainfall or a rainfall more evenly distributed throughout the 
year. In the south-west the long, dry summer which the Cape Flora is so well 
adapted to survive rules out the development of native forest in all but sheltered 
ravines. Moving eastwards, however, as the rainfall steadily alters its season from 
winter to summer, the ecological conditions for plant life change. The Knysna 
Division lies in the area where there is a fairly even distribution of rainfall through- 
out the year. Under these conditions, without any increase in the total rainfall, 
forest is capable of development outside the shelter of ravines. The conditions 
favouring forest are less suitable for the Cape Flora which in the Knysna area is 
to be found in exposed places with good drainage, on the mountains where conditions 
do not permit the development of forests, or in places where the competition of the 
forest has been artificially removed. The isolation of forests in sheltered ravines in 
the west may well have been the outcome of a westward migration of forest during 
one of the pluvial periods. In the succeeding dry period conditions would once 
more have become unsuitable for forest which would disappear from all but sheltered 
places. The isolation of forest in ravines in the west is the probable outcome of 
historical events of this nature. Weimarck (1941) in his interesting paper on distri- 
bution of members of the Cape Flora stresses the likelihood of marked climatic 
changes of the type postulated here. It seems likely that the Cape Flora at different 
periods of its history entered into competition with the dry Karroo flora on its 
northern boundary, and in the south with the forest flora advancing from the east. 
With such a history we may expect to find some of the more tolerant members of 
both invading floras present among the true Cape elements in their headquarters 
in the south-west. A study of any local area will support this view. For example 
growing with Cape plants on the Cape Peninsula though in rather restricted areas, 
we find such typical Karroo plants as Cotyledon paniculata, Crassula rupestris and 
Euphorbia mauritanica. The succulent habit of these plants distinguishes them sharply 
from the typical sclerophyllous Cape element. Many plants are able to adapt their 
non-reproductive parts to Changes in climate, and it therefore does not follow that 
all sclerophyllous members of the flora belong to the true Cape element. The 
present paper is an attempt to provide means of distinguishing sclerophyllous Cape 
and non-Cape elements in a single family, the Polygalaceae. 

The family is almost cosmopolitan, occurring in temperate and tropical zones 
of both the Old and the New Worlds. In temperate South Africa three genera 
occur: Polygala a genus of almost world-wide distribution, Muraltia a large endemic 
genus and Mundia, closely related to Muraltia and containing a single species. 
Mundia is separated from Muraltia largely on account of its fleshy, indehiscent 
fruit and need not concern us here beyond stating that it is confined to the area of 


‘ 
- 
: 
eran 
4 
abe 
« 


SOME GEOGRAPHICAL FEATURES OF THE FAMILY POLYGALACEAE 381 


the Cape Flora and is associated with Muraltia both in its floral structure and in its 
distribution. 

As research in the family progressed it became increasingly evident that in 
spite of a deceptive similarity in appearance between the sub-genus Psiloclada of 
Muraltia and Polygala, the two genera had very little in common. In floral structure 
the fundamental difference between the two is in the stamens (Levyns, 1949). 
Polygala has eight stamens instead of the ten which might be expected in a penta- 
merous flower. Four belong to the outer whorl and four to the inner. This suggests 
that two stamens are suppressed and it is clear that these are the anterior and 
posterior, one from each whorl. Muraltia has only seven stamens. Five of these 
belong to the inner whorl which is complete while the outer whorl has two stamens 
only, these being lateral. It appears that these two genera with superficial 
resemblances in their flowers are not closely related. 

In distribution Muraltia is a typical member of the Cape Flora (Levyns, 1952, 
1954). Outside the main area outliers occur on high mountains. Polygala, on the 
other hand, though well represented in the Cape area, also extends far outside it. 
Numerous species occur within the Tropics and they are not confined to high 
mountains. 

A complete revision of Muraltia has recently been published (Levyns, 1954), 
and an account of the species of Polygala occurring in the south-western Cape 
Province is being prepared for publication. 

The importance of high mountains in studies of plant distribution in southern 
Africa has been stressed. Mountains alone provide the necessary conditions where a 
flora unable to withstand either very dry or very moist conditions could survive in 
times of stress. Thus it is significant to find that within the area occupied by the 
Cape Flora to-day 14:7 per cent of the species of Muraltia are confined to the upper 
slopes of mountains. If we consider the species lying outside the main Cape area, 
the mountain-loving character of the species becomes even more marked for 77-8 
per cent of the species are found only at high altitudes. In contrast Polygala within 
the area of the Cape Flora does not provide a single species which occurs at high 
altitudes alone. Those species which succeed in reaching moderately high elevations 
are also to be found on the lowlands. 

As the study of Polygala has been restricted to those species occurring in the 
south-western Cape Province, for the purpose of the present paper only those species 
of Muraltia occurring in the same area are considered. It is essential that a com- 
parable group of species in each genus be employed as otherwise the results would 
be meaningless. 

The Cape Province is divided into a number of small divisions for purposes of 
local government. Though these are not phytogeographical areas, they are 
sufficiently small to provide a useful background to phytogeographical studies. 
Occasionally when divisions are unusually small it is advisable to unite two as has 
been done here in four cases. 

The species of Polygala studied are those occurring in and to the west of the 
Divisions of George and Oudtshoorn. Several of them extend eastwards but no 
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species is considered the whole area of which lies to the east of the selected boundary. 
The number of species involved is 27. Only those species of Muraltia which occupy 
the same area are used for comparison. There are 109 such species. 
Tase I 
Muraltia Polygala 


Division Total 109 Total 27 
species Species 


NAMAQUALAND 

V ANRHYNSDORP 
CLANWILLIAM 

CERES .. ‘ 
Worcester and TuLBaGu 


2 
5 
14 
15 
18 
Piketberg 7 
Malmesbury .. 13 
Cape .. 26 
PAARL and STELLENBOSCH 29 
Robertson and 9 
CALEDON 35 
Bredasdorp 20 
SWELLENDAM . 19 
RIVERSDALE 17 
Ladismith 9 

Oudtshoorn 

Mosser Bay 

GEORGE 

Knysna 

UNIONDALE 

Willowmore 

Humansdorp . 

UrreNHAGE and Port Euizapetn 
Number of species occurring in each division of the main area occupied by the Cape Flora. 


The divisions which contain the mountain ranges which form the inland 
boundary of the main area of the Cape Flora have greater significance than others 
for in them only has the surface been continuously available for the oldest of the 
angiospermous floras. Since Cretaceous times low-lying coastal areas have been 
invaded by the sea and their recolonization has been relatively recent. Inland 
recurrent droughts have clearly modified the plant cover. Even though in such arid 
places as the Roggeveld and Nuweveld escarpments traces of the Cape Flora remain, 
yet it has been so much modified by unfavourable climatic conditions that, for the 
purpose of the conclusions drawn in this paper, such places may be neglected. This 
leaves us with the divisions in Table I. These divisions include the high ground in 
Namaqualand and Vanrhynsdorp and the following mountain ranges: Cedarberg, 
Cold Bokkeveld, Witzenberg, Hex River, Langeberg and the Outeniquas. These 
mountains are of the utmost importance for on them we may expect to find the 
descendants of the oldest angiospermous flora in South Africa. In them conditions 
would have permitted the survival of the old flora, whereas elsewhere considerable 
modifications must have taken place. For this reason the divisions in capital letters 
are considered alone in the graph. Each figure in the table has been converted to 
the percentage of the total number of species of each genus in each division, and 
comparable graphs (fig. 1) have been constructed. 
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The curve for Muraltia is that of any typical member of the Cape Flora 
(Levyns, 1952). Its region of maximum concentration is the Caledon Division and 
both eastwards and northwards the number of species diminishes steadily. The 
intensive work on this genus is reflected in the rather smoother curve than is given 
by some less well-collected genera. Slight irregularities which were apparent in a 
previous diagram (Levyns, 1952; fig. 1) have disappeared here. There can be 
little doubt that a curve of this type is characteristic of any large genus belonging 
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to the Cape Flora. The curve for Polygala is a complete contrast. Here there is no 
clearly marked area of maximum concentration. Instead the curve is irregular and 
difficult to interpret. 

If we consider the distribution of species in temperate and tropical South 
Africa, once again we find the two genera are completely different. Muraltia has 
only nine species the ranges of which lie mainly outside the Cape area and one 
hundred and nine species within the area. Polygala has over one hundred and fifty 
species outside the Cape area and twenty-seven within. 

Another difference between the genera is the extent of the area occupied by 
the different species. Using the twenty-three divisions given in Table I, it is possible 
to determine the number of divisions in which any given species occurs. The results 
of such an investigation are summarized in Table II. The number of species is 
expressed as a percentage of the total in each genus. 


iL 
% 
50 
re 
20 7 \ 
3 
3 
3 
Fic. 1. 


TRANSACTIONS OF THE ROYAL SOCIETY OF SOUTH AFRICA 


Tasce II 


Number of divisions in which the 


Species occur Muraltia Polygala 
From 17 to 20 o-9 3°7 
From 13 to 16 o-9 14°8 
From g to 12 
From 5 to 8 Figs 22°2 


From 1 to 4 


From the table it can be seen that Polygala has a much higher proportion of 
species with a wide distribution than Muraltia. On the other hand Muraltia has a 
very high number with a limited distribution. If we go further and compare the 
number of species restricted to one division only, we find that in Muraltia there are 
fifty such species out of a total of one hundred and nine, while in Polygala only six 
out of twenty-seven have this very limited distribution. 

Though within the Cape area few species of Muraltia have a wide distribution 
outside this is not the case. Several of the species occurring north and east of the 
Cape area have a wide and disjunctive type of distribution. ‘This is most noticeable 
in Muraltia flanaganii which occurs on isolated mountains from the southern part of 
Tanganyika to the Drakensberg in Natal. The length of the strip is somewhere in 
the neighbourhood of 1,500 miles. It is instructive to note that Muraltia alopecuroides, 
the most widely spread species within the Cape area, occupies a zone not more than 
600 miles long. 

The study of certain of the more widespread species in the two genera brings 
out what is probably an important feature. An example from each will serve as an 
illustration. Muraltia heisteria is the species best able to adapt itself to a wide range 
of conditions. In the west several distinct forms are easily recognized. The type 
species evidently came from near Cape Town where it is still common to-day in open 
bushy places. It can tolerate a moderate amount of shade but in such places alters 
its appearance and loses much of its harsh character. It looks so different that it has 
been treated as a separate species. Dense shade is fatal to this species and it is conse- 
quently never found in native forest. In the west it shows a great altitudinal range, 
becoming rather stunted and more tufted at high altitudes. It occurs along the 
border of the Karroo but always in association with other Cape plants. As soon as 
conditions become too dry for members of the Cape Flora, Muraltia heisteria 
disappears. We therefore sge that although more adaptable than most species of 
Muraltia, it can tolerate only a limited range of conditions. Polygala myrtifolia has a 
much wider geographical range than Muraltia heisteria and extends far beyond the 
Cape region, especially in the east. Its tolerance of a wide range of climatic con- 
ditions is marked. On the Cape Peninsula it occurs in dry coastal bush, in sheltered 
ravines on the mountain and on occasions even penetrates natural forest. In the 
Divisions of George and Knysna it is a common riverside plant and a constituent of 
the forest margin. Its tolerance for dry conditions is just as great. It has been 
recorded from near Calvinia and from the dry western end of Baviaanskloof in the 
Willowmore Division. A form with narrow leaves occurs commonly along the 
southern foothills of the Swartberg and sometimes extends beyond the limits of the 
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Cape Flora, having been recorded as a constituent of the succulent bush of the 
Little Karroo. Its altitudinal range is wide. In Natal it occurs in coastal bush and 
seems to prefer low elevations but it has been found, much stunted, near the summit 
of the Drakensberg. Even the most tolerant species of Muraltia is unable to adapt 
itself to more than a somewhat circumscribed range of conditions. Polygala, on the 
other hand, contains several species with great powers of adaptation. The strict 
limits within which the Cape Flora flourishes is well exemplified by Muraltia. 


CONCLUSIONS 


When we compare the floras of the southern hemisphere with those of the 
northern hemisphere, we realize how meagre is our knowledge of the species com- 
prising the southern floras. Tertiary and later plant fossils, which so often provide 
conclusive evidence as to past history in the north, are almost lacking, particularly 
in South Africa. Therefore present-day distribution and all that can be deduced 
from it assume greater importance than in countries better endowed with fossils. 

The two large genera of Polygalaceae in southern Africa show themselves to be 
dissimilar in distribution in almost every respect. Such pronounced divergences 
can scarcely be a matter of chance. They are more likely to point to some funda- 
mental difference in their history. Muraltia is a typical member of the Cape Flora 
and its features and those of others in the same category may be summed up as 
follows: 


1. Within the Cape area the species show a characteristic type of distribution with 
species concentrated in the south-west and diminishing steadily in numbers away 
from that region. 

. Outside the Cape region many of the species show a disjunctive type of 
distribution. 


3. A considerable proportion of the species inhabit the upper slopes of mountains. 


4. A high proportion of species of limited distribution occur in the south-west. 
Many of these are youthful endemics. 


Not one of the features listed applies to Polygala, suggesting that the history of 
this genus within southern Africa has been different from that of Muraltia. 

The problems connected with a high concentration of species in certain areas 
have been fully dealt with in recent books on the subject (Cane, 1944; Good, 1953). 
In many cases a high concentration in a given place may indicate the region where 
the genus entered the country. This is likely to be true of the ubiquitous genus 
Polygala with its numerous species in central Africa and diminishing numbers 
southwards. However, there are cases where it has been proved conclusively that 
the area of maximum concentration cannot be the place of origin. This is obviously 
so in the case of Muraltia. Here the distribution of species can only be explained 
satisfactorily by the hypothesis that this genus too originated in central Africa but 
so long ago that it has had time to develop the strikingly discontinuous type of 
distribution that we find to-day in the northern part of its territory. The massing of 
species in the south is a secondary development, due most probably to the advent of 
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a Mediterranean type of climate. This view was suggested a few years ago (Levyns, 
1952) and data available now from Muraltia only serve to strengthen it. 

A possible explanation of the present-day distribution of the Family Poly- 
galaceae south of the Equator is that Muraltia, as a constituent of the old Cape Flora 
with its limited degree of tolerance, migrated southwards and took refuge in the 
mountains during arid times inland or equally unfavourable conditions of other 
kinds near the coast. This would explain the discontinuous distribution on mountains. 
Finally the Cape Flora entered a phase of rejuvenation in the south-west which led 
to massing of species in this area and to the appearance of numerous youthful 
endemics. Long after the Cape Flora had migrated southwards, a younger flora, 
also from the north and with Polygala as a member, started its journey to the south 
into a territory once occupied solely by the Cape Flora. Within its very limited 
range of tolerance, the Cape Flora was able to hold its own, but outside these limits 
it was forced to give way to the northern invasion. Mountain tops and the area of 
winter rainfall in the south were regions well suited to the old Cape Flora. Else- 
where it gave way before better adapted competitors. This is a much simplified 
picture of what may have happened in the early days of the angiospermous invasion. 
It is possible that there were several post-Cape invasions of the south. Some minor 
migrations may have operated in the opposite direction, from south to north. At 
present we have not sufficient information about the distribution of the constituents 
of the different African floras. The clues given by the Family Polygalaceae, small 
as they are, may be worth following up in other Families. 
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NOTES ON THE BIOLOGY OF THE WHITE STUMPNOSE, 
RHABDOSARGUS GLOBICEPS (CUVIER), AND ON THE FISH 
FAUNA OF THE KLEIN RIVER ESTUARY 


By F. H. Tarsor 
East African Marine Fisheries Research Organization, Zanzibar 


(With three text-figures) 
(Read November 17, 1954) 

The fish fauna of the Klein River estuary is discussed in relation to food, shelter, and hydrographic 
conditions. 

The biology of the white stumpnose is described on the basis of an examination of 1,905 specimens 
from estuarine and sea samples. 

The growth rate of the white stumpnose as determined by length-frequency data and by otolith 
examination is suggested to be about 60 mm. per year. 

Only juvenile white stumpnose are present in estuaries, entering annually, and remaining until 
they reach a length of about 140 mm., then leaving for the open sea and not returning. 

Females are considered to mature at between 220 mm. and 240 mm. in length. Males were 
first found with well-developed gonads at 275 mm. Males and females were first found breeding in 
their third year. 

INTRODUCTION 

The white stumpnose, Rhabdosargus globiceps (Cuvier), is a common South 
African inshore fish. It ranges from Walvis Bay to Durban, and is of angling and 
commercial importance on the Cape south and west coasts. Adult fishes, often in 
large shoals, are found along the coastline and down to forty fathoms (Barnard, 
1927), being caught by shore seiners, line boats, and trawlers. Juveniles, up to about 
15 cm. in length, frequent estuaries, where they may be netted and sun-dried to 
form ‘Bokkems’, a term covering other small estuarine fishes such as juvenile white 
steenbras (Lithognathus lithognathus) and mullet or haarders (Liza ramada). 

Little is known about the general biology of the species, or its movements, as 
is unfortunately the case with most South African fishes. This work was, therefore, 
undertaken as a preliminary study of factors such as rate of growth, size at sexual 
maturity, migrations and others. 

The R. globiceps population of the Klein River estuary near Hermanus and the 
Milnerton estuary near Cape Town were studied, and samples of marine fish were 
bought from Kalk Bay line boats. The fish populations of the two estuaries were 
found to be nearly identical and it was therefore considered necessary to describe 
only the Klein River estuary fully and merely to refer to the Milnerton estuary 
where it showed differences or provided additional information. To give a clear 
picture of the biotope of R. globiceps the fish fauna of the Klein River estuary is 
fully described. Scott, Harrison, and Macnae (1952) made a qualitative survey of 
the bottom fauna of this estuary. 
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METHOD 


Samples were obtained by regular nettings made over a period of eighteen 
months at Milnerton estuary and the Klein River estuary. Samples of R. globiceps 
were also bought from Kalk Bay line boats. This sampling was irregular because 
catches at times contained no R. globiceps, and because boats leave this harbour 
during the period that the snoek, TAyrsites atun Euphrasen, is abundant around 
the Peninsula. Two collecting expeditions by the ecological survey team of the 
Zoology Department, University of Cape Town, to the Breede River estuary, in 
which I was able to participate, yielded a summer and a winter sample of R. globiceps. 
Odd records were also obtained from trawlers and shore anglers. (Table I.) 


Taste I 


Number of Number of 
Place and dates Gear fish measured fish opened Size range 
Klein River estuary .. Large seine 1,166 371 52-154 mm. 
May ’50-July ’51 
Klein River estuary .. Drag net 27-105 mm, 
Jan., Feb., March., 
April 1951 
Milnerton estuary... Small seine 28-98 mm. 
April ’50-June ’51 
Breede River estuary. . All nets 35-124 mm, 
July 1951 
Kalk Bay ae si Hand lines 128-300 mm. 
Jan.-July ’51 
Cape Infanta .. 3 Trawl at 30. 5 128-260 mm. 
July ’50, July ’51 fathoms 
Miller’s Point ba Angling 200-300 mm. 
May 1951 
Buffels River mouth .. Angling 300-350 mm. (approx.) 
July 1951 


Torats: 1,905 27-350 mm. 


Nets of three types were used for samplings: 

(i) The Large Seine. This is a net of English design (the Saltash Tuck Seine), 
weighted to sink when pulled so that it rides the bottom, and does not float as do 
the seine nets of commercial fishermen used for shore and estuary fishing in South 
Africa. It is 152 ft. in length, with a purse of 1g ft., is 5 ft. deep in the wings and 
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7 ft. deep at the purse. The mesh of the wings is 14 in. bar, and that of the purse 
3 in. bar. The net has 250 ft. ropes at each end, and is shot from a boat. 

Fish below 70-80 mm. escape through the meshes of the large seine, so that 
length-frequency curves are skewed from this size and below. With capture by net 
only, there is a possibility that the larger and faster fish may more easily escape 
this gear, resulting in skewing of the length-frequency curves of the larger sizes. 
Estuarine R. globiceps do not reach a large size, however, and it is unlikely that this 
type of error is affecting the large seine captures. 


(ii) The Small Seine. This is a much smaller net than the above, being 40 ft. in 
length, 4 ft. deep in the wings, and 64 ft. deep at the bunt. Unlike the large seine it 
has no long purse, but has a slight belly of about 6 ft. The mesh is } in. bar. The 
small seine is pulled by two persons without ropes, and is therefore limited to water 
that is shallow enough for wading (about 44 ft.). The small seine was used at 
Milnerton estuary, as the large seine dug into the soft muddy bottom. This net has 
considerable netting error. Small fish of about 30 mm. and below are able to escape 
through the meshes, and larger fish of about 120 mm. approx. have often been 
seen to swim out of the net due to the slow pulling. 


(iii) The Drag Net. This is a small conical net pulled by two people. Ropes 
10 ft. long are attached to each end of the mouth which is 6 ft. 9 in. wide. The 
depth of the net is 15 in., its length 10 ft., and mesh } in. bar. The net has retaining 
flaps half-way down its length, helping to retain fish already caught. The head rope 
of the net is corked, with the foot rope attached to a length of chain. The net is 
basically a trawl (originally intended to be kept open with a beam) that has been 
put to a different use. It was found to be ideal for dragging through weed beds of 
Kostera capensis and Ruppia maritima as the chain prevented the foot of the net rolling 
up. Because this net has a narrow mouth, and because the operators dragging it 
pass near the region to be netted, the drag net can be considered to give a represen- 
tative sample of fish from 30 to 60 mm. only. It is of little use for length-frequency 
data but was useful for showing the presence or absence of smaller fish than those 
caught with the large seine in areas where the small seine was useless because of 
weed beds. 

Due to the selectivity of all the above nets, all length-frequency distribution 
below 80 mm. is inaccurate (fig. 2). 

Preservation of the fish was done immediately after netting. An incision was 
made in the abdominal wall and the fish put into 20 per cent formaldehyde. This 
stopped digestion immediately, and gut and gonads were preserved in good condition. 

Gut contents of the whole alimentary canal were washed out and the different 
types of food organisms and the numbers of each type present were noted. 

Maturity. Gonads were weighed. In males the presence or absence of milt was 
noted, and in females the colour of the ovary, the transparency of the ova, and 
maximum ovum diameter were recorded. 

Age determination was made by counting otolith growth rings. The concave 
dorso-lateral surfaces of the otoliths were flattened by grinding down on a ground- 
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glass screen using powdered glass as an abrasive. Growth rings showed clearly when 
the otoliths were examined by reflected light. 
Sample errors. ‘The samples from which the length-frequency curves were built 
are considered adequate, as successive monthly samples show very similar curves. 
The monthly food comparisons were made on samples of thirty fish. Some idea 
of the error due to sampling alone was afforded by the occurrence of an Acantho- 


WALKER BAY 


Fic. 1. The Klein River Estuary. Dotted line indicates extent of lagoon at lowest water level. 


cephalan parasite in successive monthly samples of fish. The following are the 
percentages of fish that contained these parasites in monthly samples: 


1950 195! 
November December January February March — April May 


20% 16% 45% 16% 40% 34% 14% 


The parasite was firmly attached to the inside of the rectum, usually about one 
to four being present in infected fish. The adult parasite is non-motile. It can be 
assumed that the percentage of infected fish in the lagoon, at least from February 
to May 1951 when the lagooh was closed to the sea, was fairly constant. Infected 
fish were in excellent condition, so the number of parasitized fish was not being 
reduced through deaths. An increase or decrease in percentage infection would be 
expected to be fairly gradual, yet the percentages given above are extremely erratic. 
If the assumption is correct that the total percentage of parasitized fish in the lagoon 
is roughly constant, these fluctuations must be due to numerical sampling error. 
This can be utilized in evaluating the monthly occurrence of food items. If a food 
item is present in samples over a period of months in 20 per cent of the total popu- 
lation, percentages in monthly samples of thirty fish would be expected to show 
fluctuations similar to those of the parasites given above. These variations would 
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reflect no change in the feeding habits of the population. Only very marked changes 
in the monthly percentages of food items can therefore be considered as indicative 
of food changes in the fish population. 


Identification and terminology of the fishes is based on Smith (1949). 


Lengths of fishes are standard lengths (i.e. excluding the caudal fin). 


THe River Estuary 
DESCRIPTION 


As a detailed description of this estuary and its bottom fauna has been made by 
Scott, Harrison, and Macnae (1952), only a short account will be given here. 

The Klein River and a number of smaller streams flow into a wide lagoon, 
separated from the sea along its eastern edge by a range of low sand-dunes. At the 
southern edge of the lagoon these dunes flatten out to form a low, sandy strip where 
the mouth of the estuary is situated. 

The lagoon is six miles long and at most half a mile wide, with an average 
depth of 8 ft. in summer and a few feet deeper in winter when the level is raised by 
flood water. Depths of up to 19 feet have been recorded in the channel (fig. 1). 

In the summer little water enters the lagoon, a sand-bank is built up at the 
mouth by wave action and the lagoon becomes land-locked. Evaporation causes a 
slight drop in level during the summer months and then the winter rains swell the 
lagoon until the increase in area of the lake interferes with farming at its margin. 
When this happens local farmers dig a channel through the sand-bank. By the time 
the dammed-up water has poured out, a wide mouth is formed and the lagoon 
becomes tidal for most of its length. The mouth then closes gradually, usually taking 
about five months. 

There are thus fairly regular periods every year during which the mouth is 
alternately open and closed, which has profound effects on the lagoon fauna. During 
1950 and 1951 when this study was in progress the state of the mouth was as follows: 


1950 Mouth closed .. February-September Open .. Oct.-Jan. (1951) 
1951 Mouth closed .. February-June Open .. July onwards 


This more or less regular opening and closing of an estuary is a common 
occurrence along both the Cape and Natal coasts. 

Both the flora and the fauna of the lagoon are rich. Beds of Zostera capensis, 
Ruppia maritima, and filamentous algae shelter and feed abundant life. Animals 
such as the small gasteropod, Assiminea sp., the bivalve, Modiola capensis, the amphi- 
pods, Corophium triaenonyx and Melita zeylanica and Chironomid insect larvae abound 
in the weed beds. Mudprawn Callianassa kraussi is found in muddy sand in the 
shallows near the mouth and along the margins of the lagoon; in the firmer sand of 
the mouth region the razor shell Solen capensis is abundant. 

The lagoon has therefore the main elements for the support of a very rich fish 
fauna, providing cover from predators, and plant and animal foods in plenty. 
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Two stations were chosen for regular nettings of the lagoon: the region of the 
mouth (between 1 and 2) and Maanskynbaai (3) (fig. 1). The first lay in the channel; 
the second at the edge of the open lagoon. 


Fish FAUNA OF THE LAGOON 


Table II is a list of fish species netted in the estuary during 1950 and 1951. 
Division into three groups gives an idea of relative abundance: A—abundant, 
C—Common, R—rare. At least twenty of the twenty-five species found were 
marine fishes tolerant of estuarine conditions. 

Of the other five species Gilchristella aestuarius, Atherina breviceps and Psammogobius 
knysnaensis are chiefly estuarine. In the western Cape the remaining two, Rhabdo- 
sargus tricuspidens and Syngnathus acus, are also known mainly from estuaries. An 
unexpected omission from the list is Mugil cephalus, a mullet common in estuaries 
both east and west of the Klein River. It is possible that the fish was present in the 
lagoon and not netted, for it is known for its habit of swimming upwards when 
disturbed, at times leaping clear of the water over the top of a floating net. The 
large seine, sweeping the bottom of the lagoon, would probably have allowed them 
to escape. 


II 


Standard length 

Species according to families range A. 
RHINOBATIDAE 

Rhinobatos annulatus (M. &. H.) 
STOLEPHORIDAE 

Gilchristella aestuarius (G. & T.) 
TACHYSURIDAE 

Tachysurus feliceps (Valenciennes) 
SOLEIDAE 


740 mm. 
38-50 mm. 


60-250 mm. 


Heteromycteris capensis Kaup. 

Solea bleekeri Boulenger 
SYNGNATHIDAE 

Syngnathus acus Linn. 
CARANGIDAE 

Hypacanthus amia (Linn.) 
POMATOMIDAE 

Pomatomus saltator (Linn.) 
SCIAENIDAE 

Atractoscion arquidens (Cuv.) 
POMADASYIDAE 

Pomadasys olivaceum Day 
SPARIDAE 

Rhabdosargus globiceps (Cuv.) 

Rhabdosargus tricuspidens Smith 

Diplodus sargus Linn. 

Diplodus trifasciatus ( Rafinesque) 

Lithognathus lithognathus (Cuvier) 

Lithognathus mormyrus (Linn.) .. 

Sarpa salpa (Linnacus) 

Spondyliosoma emarginatum (Cuv. ) 


20-70 mm. 
go-110 mm. 


61-155 mm. 
225-530 mm. 


205-300 mm. 
200 mm. 
95-156 mm. 


27-158 mm. 
112-260 mm. 
70-105 mm. 
70-100 mm. 


90-330 mm. 

75-170 mm. 

105-120 mm. 
85 mm. 
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Taste II (contd.) 


Standard length 
Species according to families range 

MUGILIDAE 

Liza ramada (Risso) .. §0-260mm. x 
ATHERINIDAE 

Atherina breviceps Cuv. si .. 15-60 mm. 
Gosnpaz 

Psammogobius knysnaensis Smith +. 27-50 mm. 

Gobius nudiceps Cuv. ae 50-115 mm. 
CLINIDAE 

Clinus superciliosus (Linn.) i .. 62-110 mm. 
TRIGLIDAE 

Trigla capensis Cuv. .. 140-200 mm. 
LAGOCEPHALIDAE 

Amblyrhynchos honkenii (Bloch) -. 120-145 mm. x 


Fish netted in the Klein River estuary during 1950 and 1951 


(i) Migration 

Many coastal fishes are known to migrate and it seems probable on a priori 
grounds that migration to and from Cape estuaries should take place, as there are 
considerable changes in temperature, salinity and turbidity between summer and 
winter in most estuaries. 

At the Klein River estuary, however, whatever migrations might take place 
are prevented in most years by the closure of the mouth during the whole of the 
winter, and fish that have entered during the summer months are forced to remain 
in an environment of low salinity, low temperature, and high turbidity. 

In 1951 the mouth of the estuary was cut earlier than usual, and was open 
during the latter half of the winter. Due to exceptionally heavy rains the lagoon 
was very muddy, and cold water poured out through the mouth. Scott, Harrison, 
and Macnae (op. cit.) state that under conditions of this type, temperatures in the 
estuary may go down to 12° C. and salinities down to 20 parts per thousand. During 
this period white stumpnose, R. globiceps, elf, Pomatomus saltator, and leerfish, 
Hypacanthus amia, were absent from nettings. 

It seems therefore that fish trapped in the lagoon are able to withsiand the 
average winter conditions, but that a number of species would migrate away from 
the lagoon if this were possible. 


(ii) General Note on Feeding 

Few fishes feed directly on the vegetable matter in the lagoon. Perhaps the only 
complete herbivore is the mullet, Liza ramada, whose diet consists chiefly of diatoms 
and unicellular algae, the cell walls of which are crushed by its exceptionally muscular 
stomach filled with sand grains. 

Rhabdosargus globiceps, R. tricuspidens, Sarpa salpa, Diplodus sargus and D. trifasciatus 
were found to be omnivorous, cropping plants such as Zostera capensis, Ruppia maritima, 
and filamentous algae (mainly Enteromorpha sp.), and also feeding on the small 
crustaceans, polychaetes, and molluscs of the weed beds and bottom. 
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Lithognathus lithognathus, the white steenbras, although taking vegetable matter 
occasionally, is mainly carnivorous, feeding on the animals sheltering in the weeds, 
and using its elongated snout to suck or blow Callianassa kraussi and Solen capensis out 
of the sand. 

The small sole, Heleromycteris capensis, and the small goby, Psammogobius knysna- 
ensis, are common on the sandy shallows near the mouth of the lagoon. P. knysnaensis 
had fed on ostracods, amphipods and sphaeromid isopods, and the few Heteromycteris 
capensis examined had eaten ostracods and foraminifera. Solea bleekeri, the larger 
sole present in the lagoon and not restricted to the mouth region, had a more varied 
diet including isopods, amphipods, Assiminea sp., and occasional small crabs and 
small fish. 

The whitebaits, Atherina breviceps and Gilchristella aestuarius, swim in shoals, 
feeding on planktonic copepods and amphipods. 

Two large fish predators were present in the lagoon, the leerfish or garrick, 
Hypacanthus amia, and the elf or shad, Pomatomus saltator. These two species were only 
occasionally netted, but being exceptionally speedy fish, and probably swimming 
near the surface, they may be present in greater numbers than shown by the large 
seine nettings. 

Three species of cormorant were present in the lagoon, all fish predators. 
‘These were Phalacrocorax neglectus (the white-breasted cormorant), P. capensis (the 
Cape cormorant or trek-duiker), and P. africanus (the reed cormorant). Anhinga 
rufa (the darter), another fish-eater, was also occasionally seen. Predation of the 


fish population due to these birds cannot be heavy, for an average daily count of 
all species was about twelve to fifteen birds. 


BioLoGcy 
Acr DETERMINATION AND RATE OF GROWTH 


Many workers have found that bands or rings are present on the calcareous 
otoliths, and also on the scales and other bony parts of many fish, which may be 
annual in nature and are formed by varying rates of growth causing material of 
different transparencies to be laid down. The scales, otoliths, and supra-occipital 
crests of Rhabdosargus globiceps were examined to see whether any such markings 
could be found. ' 

Although banding was occasionally present on scales and supra-occipital 
crests, otoliths gave much more consistent results, and eventually only this method 
of age determination was used. 

Otoliths of all fish had opaque centres. Clear banding was normal in estuarine 
R. globiceps, which were one or two years old. Fish from the sea samples were older, 
and rings toward the periphery of the otoliths were crowded together, and sometimes 
unreadable. 

In previous work done on age-reading using otoliths, some investigators have 
simply assumed the annual nature of the rings (Roux, 1947, on the Cape Stockfish). 
In all cases where the validity of this has been tested (Menon, 1950, on the Poor 
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Cod; Hickling, 1931, on the Hake; Jones and Hynes, 1950, on the Stickleback, 
among others) it has been found to hold. The commonest method of testing is to 
find out from periodic samples the seasons during which each type of band is laid 
down at the periphery. 

Hickling (1931) found that in the hake the light and dark bands were due to 
alternating layers of thick and thin organic lamellae embedded between radially 
arranged inorganic crystalline material. The cause of the change in the thickness 
of these lamellae is not known. Most workers have found that the transparent band 
is formed in winter, and the opaque in summer. This is not an invariable rule and 
may alter with the species of fish studied. 


(i) Time of Formation of Opaque and Transparent Bands in the Otoliths of R. globiceps 


In small specimens of R. globiceps it is easy to see whether an opaque or trans- 
parent band of otolith material is being laid down at the periphery. In larger fishes 
the bands become very narrow at the periphery and it is more difficult to see which 
type of band is forming. The thinning of the otolith at its edge interferes by making 
an opaque zone look lighter. Thus the larger size groups taken by line fishing gave 
no clue to the time of year the bands were produced. 

Sea fishes entering the Klein River estuary in October 1951 had thin opaque 
bands at the periphery, suggesting that opaque material would continue to be 
deposited during the summer. Fish, caught at the same time, that had been in the 
estuary during the winter showed wide transparent bands, with no trace of opaque 
material. Estuarine conditions must therefore be able to effect a change in the 
normal banding. The new estuarine population, as soon as the mouth closed in 
January, also started forming transparent material. 

It is probable therefore that in marine R. globiceps an opaque band is formed 
in summer and a transparent band in winter. R. globiceps trapped in the lagoon, 
however, lay down transparent material during the greater part, or possibly the 
whole, of the year. 

In the following discussion it is assumed that the ringing is annual, and that the 
transparent bands are always counted. In spite of the interference of the normal 
banding by estuarine conditions, fish trapped and laying down transparent material 
from February to October would still have the total number of bands unaltered. 


(ii) Age Groups 


If the modes in length-frequency distribution (fig. 2) represent year groups, it 
would be expected that the fish in one mode would have the same number of 
otolith bands. This was found to be so. Fish of mode A taken in May, August, 
and September all had two transparent otolith rings. Fish of the smaller mode B 
entering the lagoon in October had one transparent otolith band. 
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Tasre III 


Length in mm. I ring 2 rings 3, rings 4 rings 
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Number of fish examined 17 21 10 7 


The number of transparent otolith rings in R. globiceps of different sizes from the Klein River 
estuary (x) and from Kalk Bay line boats (X). 


A second transparent band started to form on the otoliths of these fishes in 
January. Mode C fishes had one transparent band. Otoliths of mode X fish were not 
examined. 

Mode B in October 1950 and mode C in March 1951 consist of one-year fish. 
Mode A in May, August, and September 1950 and mode B in April 1951 are com- 
posed of two-year fish. Mode x is considered as a small element in the lagoon fauna 
of fish under one year. 


(iii) Rate of Growth 


This can be assessed in a number of different ways from the data available. 
Modes A and B are different year groups of R. globiceps, mode A consisting of two- 
year fish and mode B in October 1950 consisting of one-year fish. The difference 
between these two modes is about 60 mm., representing one year’s growth. 

From the movement of a single mode in successive months increase in average 
size of fish is between 5 and 10 mm. per month, i.e. between 60 and 120 mm. per 
year. 
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Fic. 2. Length-frequency distribution of Rhabdosargus globiceps in the Klein River estuary. 
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Table III also gives an estimate of growth. From the table it can be seen that 
sea fish have reached a length of about 260 mm. in their fourth year, averaging a 
growth of about 60 mm. per year. 

The three calculations are therefore in fair agreement. The only growth rate 
that has been calculated for Cape fish to my knowledge is that of the stockfish 
(Merluccius capensis), a member of the Gadidae. Roux (1947) found it to be from 
go to 110 mm. per year. 


THE POPULATION IN THE KLEIN River EsTUARY 


As has been shown, juvenile R. globiceps are among the commonest fishes in the 
Klein River estuary. The population of R. globiceps during the time of study con- 
sisted of immature fish up to 15 cm. in length. If normal growth is taking place 
larger fish than this must be migrating out of the lagoon, with smaller fish entering 
and continually replacing the stock. 

From the beginning of sampling in May 1950 until September of the same 
year the population consisted mainly of a single year group of two-year-old fishes 
(mode A, fig. 2). On the opening of the lagoon in October this mode immediately 
began to diminish in size, the fish migrating out to sea, until by December this 
group was hardly represented. 

Simultaneously a new mode appeared in the length-frequency data (mode B, 
fig. 2), consisting of one-year-old fish which replaced the older population during 
these three months. 

The younger fish are therefore attracted to the rich estuary, but at a slightly 
larger size they migrate out to sea. This change in choice of environment is probably 
related to the physiological changes in the fish connected with development to 
maturity. Spawning takes place at about 240 mm., but marked increase in gonad 
weight is already seen at 200 mm. 

The drag nettings occasionally caught much smaller fish of about 30 mm., 
well below the netting range of the large seines (mode X, fig. 2). Mode C, first 
seen in the large seine nettings of March 1951, is considered to be formed of the 
larger members of this O-year group, just beginning to fall within the large seine 
nettings. The fact that mode C does not show growth movement to the right in 
successive months shows that the majority of the fish are still below the mesh size. 

In May 1951 mode B was not represented. At this time the lagoon was filled 
with fresh water from heavy rains. Turbidity in the lagoon was high. Mode B fish 
were out of range of the nettings, so must have been in the deeper, more inaccessible 
parts of the lagoon. It is suggested that the inflowing fresh water overlay the denser 
more saline water, which would be least diluted in the deepest portions of the lagoon. 
That the larger fish of mode B and not the smaller fish of mode C should seek these 
deep areas is consistent with the difference in choice between larger and smaller 
fish on the opening of the lagoon in October 1950. 

This preference of two-year fish for the open sea, ensuring that an estuarine 
population consists always of immature fish,seems to be a general rule for R. globiceps, 
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and also for a number of estuarine fishes. This has also been found to hold by 
Hartley (1940) in England and by Irvine (1947) on the Gold Coast. 


FEEDING OF R. GLOBICEPS 


(i) Estuarine Fish 

Table IV lists all the food organisms found in Rhabdosargus globiceps netted in 
the Klein River estuary. A wide variety of both hard and soft foods was found. As 
well as small animals, vegetable matter in the form of algae, blades of Zostera capensis 
and Ruppia maritima and seeds are eaten. : 


Taste IV 
PROTOZOA CRUSTACEA 
Foraminifera. Ostracods. 
Copepods. 
POLYCHAETA Melita zeylanica Stebb. 


Spionid, ?Prionospia larva. 


Lumbriconereis sp. 
Glycera sp. 
Pectinaria sp. 


MOLLUSCA 
Haminea alfredensis Bartsch. 
Modiola capensis Krauss. 
Solen capensis Fischer. 
Assiminea sp. 


INSECTA 
Chironomid larvae. 
Syrphid larvae. 
Syrphid pupae. 


Parorchestia rectipalma Brnd. 
Corophium triaenonyx Stebb. 
Exosphaeroma hylecoetes Brnd. 
Tanais philetaerus Stebb. 
Callianassa kraussi Stebb. 
Hymenosoma orbiculare Desm. 
PISCES 
Psammogobius knysnaensis Smith. 
Fish scales. 


ALGAE 
Enteromorpha sp. 
Ulva sp. 

ANGIOSPERMAE 
Grass seeds. 


Potamogetonaceae seeds. 
Ruppia maritima Linnaeus. 


Kostera capensis. 


Food organisms found in R. globiceps from the Klein River estuary. 


The commonest food item occurring in estuarine R. globiceps is filamentous 
algae (Enteromorpha sp.) (fig. 3). It is possible, however, that fish do not derive as 
much food value from vegetable as from animal matter, and it has also been suggested 
that they may often eat algae for the animals that shelter in them. The latter is not 
the case with R. globiceps, for many fish of a sample may have the stomach and 
intestine packed with algae, although no animal remains are present. In some 
months, noticeably October and November 1950, filamentous algae formed by far 
the bulk of the food. 

The remainder of the common food organisms are animals that shelter in the 
weed beds, such as the amphipods Melita zeylanica and Corophium triaenonyx, the isopod 
Exosphaeroma hylecoetes and the small gastropod Assiminea sp., and bottom animals, 
such as the bivalve Modiola capensis. Cropped pieces of Ruppia were often found, 
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sometimes packing the alimentary tract. Grass seeds and a potamogetonaceous 
seed were occasionally present, the latter sometimes having begun to germinate. 
No whole specimens of Solen capensis were ever found, although this bivalve is 
abundant on the estuary bottom in some areas. Unlike Lithognathus lithognathus, R. 
globiceps seems unable to dig the whole animal out of the sand. However, the 
siphons of Solen capensis were often present, 
suggesting that the fish had apparently 
bitten off the siphons without destroying 
the animal in the sand below. 

Steven (1930) and other authors have 
found that most species of fish will take 
the commonest foods available to them 
in their particular habitats. This general 
rule also holds for R. globiceps, because 
its diet is composed of organisms which 
Scott, Harrison, and Macnae (1952) found 
to be communest in the estuary. 

Although the rule applies to the fish 
sample as a whole, there is evidence of 
choice of particular types of food by indi- 
viduals. In a sample of fish one individual 

' ; may be found to have fed only on seeds, 

gor another only onchironomid larvae, another 

the Klein River estuary. only on Assiminea sp., and a fourth may 

have only algae in its gut. This occurs 

where a whole sample has been netted over one weed bed, and therefore cannot be due 

to fish feeding on different organisms in different areas. Lebour (1919) carried out 

experiments on the feeding habits of small fish and found that they would often 

eliminate one species of plankton food before feeding on another. Dannevig (from 

Lebour, 1918) found that young plaice will only eat one food at a time, but that 

different individuals will be selecting different species of food at the same time. 

This is what occurs in R. globiceps. It seems possible that after snapping up the first 

likely food it finds, a hungry fish may ignore other types of food present, and continue 

to take this first type because it is satisfying the hunger. This has not, however, been 
checked by aquarium experiments. 

Some change in choice of food organisms takes place with increasing size of 
fish. This is shown in Table V. 

It is known that the larval fish feed on plankton (Gilchrist, 1904), and later 
become bottom feeders. The smallest fishes found in the Klein River estuary are 
just at this transition period. At a length of just over 20 mm. they have a diet 
consisting chiefly of planktonic copepods and amphipods, and also take sphaeromids, 
ostracods, and algae. 

As the fish increase in size other animals become available to them as food, and 
the larger fishes have a more varied diet. Increase of mouth size, strength of jaw, 
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size of teeth, and speed of movement must effect this. Large polychaetes such as 
Lumbriconereis sp. and chironomid larvae are eaten by fish of 40 mm. and larger. 
The first hard foods (the gastropod Assiminea sp. and the bivalve Modiola capensis) 
are taken by fish over 70 mm. Above this size larger animals such as Haminea 
alfredensis and Hymenosoma orbiculare are included in the diet, and the first pieces of 
Solen siphon are taken. Hard molluscs become increasingly important as foods of 
the larger fish over 100 mm., and Callianassa kraussi is also eaten. 


TaBLe V 
20-39 40-69 79-99 100-129 =130-159 mm. 

Copepods . 83 2 1 
Amphipods . . . . 83 38 23 25 34 
17 8 3 3 5 
2 17 40 70 74 67 
Sphaeromids . . . 17 23 15 16 20 
Chironomids . . . 38 22 16 26 
Lumbriconereis 31 8 4 2 
Xostera, Ruppia . . . 8 13 16 18 
Glyerasp. . . 1 I 
Haminea . I 4 
Solen siphons . os 6 6 
5 16 48 
Assiminea . : 7 29 56 
. . I 5 13 
Potamogetonales seeds . 1 7 10 
Hymenosoma , I 6 5 
Callianassa I 2 

No. or Fish . 6 13 140 140 61 


Change of food organisms with size of R. globiceps from the Klein River estuary. The number of 
times an organism is found in each size group is represented as a percentage of the total number of 
fish in that group. Fish in 20 mm. groups. 

Three fairly distinct stages are seen. The very small fish (20-40 mm.) feed 
mainly on planktonic organisms, although a small proportion of bottom forms are 
are also taken. Medium-sized lagoon fish, up to 100 mm., feed on a wide range of 
small animals, but only a very small proportion of these have hard shells. Above 
100 mm. hard molluscs become one of the most important food organisms in the 
diet. Throughout all sizes filamentous algae and amphipods are important foods. 

Little change of food with season was found. When the mouth of the lagoon 
opened in October some difference was seen, but here smaller one-year fishes were 
replacing the two-year fish, and size may have affected the comparison. The young 
fish entering the lagoon feed mainly on filamentous algae, Zostera and Ruppia, 
Modhtola capensis and Corophium triaenonyx, and the quantities of Asstminea sp., the isopod 
Exosphaeroma hylecoetes, polychaetes and chironomid larvae show a sudden reduction 
from the September sample. Scott, Harrison, and Macnae (1952) found almost no 
change in the bottom fauna when the mouth opened, and suggest that there is little 
difference in the abundance of the common animals. The change in food is then not 
due to a change in the food organisms present in the lagoon. 
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It is unlikely that the small size of the group entering the lagoon accounts for 
the change in diet, because most of the food organisms showing a reduction are 
animals which are normally taken by very small fish, as can be seen from Table V. 

The average size of fish remains the same in the samples of the next three 
months, but the four food species which showed a reduction are again taken by the 
fish in increasing numbers during these three months. 

It seems, therefore, that although a number of food species are available to the 
one-year fish, they select certain foods on entering the lagoon, and only gradually 
are other foods taken. This ‘lag’ in the use of available food may be due to the 
feeding habits before the fishes enter the lagoon. Accustomed to feeding on other 
types of food outside the estuary, the fish would have to learn new feeding habits 
before some of the new food species could be taken. Lebour (1918, 1919a, 1919b, 
1920), Scott (1922 from Hartley, 1940), and others have shown that some fish do 
learn definite feeding habits, and it is reasonable to suppose that it must take some 
time to change these. 

Feeding of R. globiceps in the Milnerton and Breede River estuaries showed 
patterns similar to those in the Klein River estuary. 


(ii) Sea Fish 


Fifty-eight specimens of R. globiceps were obtained from the sea. Unlike estuarine 
fish, where the percentage of fish with no food in the alimentary canal was negligible, 
nineteen out of fifty-eight fish had both stomach and intestine empty, or contained 
only bait. The only record of the feeding of marine R. globiceps is that of Biden 
(1930), who mentions that black mussels (Mytilus perna, Mytilus meridionalis) and 
polychaete worms are important foods. 

Table VI lists the food organisms found in R. globiceps from sea samples. 
Amphipods were by far the commonest food, being found in abundance in Kalk Bay 
and west coast fish. Bivalves were also important. Six fish caught by Mr. Len Reed 
when angling at Miller’s Point were packed with Mytilus perna, and many fish 
caught by other anglers at the same time also contained mussels. 


Taste VI 
Place and date Size Foods No. of fish 
Kalk Bay Line Boats : 128-300 mm. Amphipods, 41 
Summer and autumn 1951 Barnacle shells 
Bivalve remains 
Sand 
Ostracods 
Crab remains 
Chorisochismus dentex 
Cape Infanta 260 mm. —_ Crab remains 3 
Trawled 36 fathoms. July 1950 Bivalves 
Polychaete worms 
Cape Infanta 128-203 mm. _—_ Crushed echinoid 2 
Trawled 35 fathoms. July 1951 Amphipods 


Crab leg 
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Taste VI (contd.) 


Place and date Size Foods 
Miller’s Point, Cape Peninsula Mytilus perna 
Angling by Mr. Reed. May 1951 
Buffels River mouth, West Coast 300-350 mm. §Amphipods, 6 
Angling by Mr. Guy Currie, July including Hyale 
1951 saldanha Chilton 
Paridotea sp. 
Ascidians 
Ulva sp. 
Sponge -—- 
58 
Food organisms found in R. globiceps from the shore to 36 fathoms. 


Small white bivalve fragments (sp. indet.) were also found in Kalk Bay fish, 
and a small brown bivalve (sp. indet.) was present in a sample of three fish from 
Cape Infanta. Crab remains were found in a few stomachs, and the other organisms 
listed in Table VI were present in one or two fish. 

No change of food with size or with season could be ascertained from the data. 

In conclusion it can be stated that: (2) amphipods and bivalves are important 
foods; (b) ostracods, isopods, crabs, echinoids, barnacles and fish are also taken; and 
(c) vegetable matter is seldom eaten. The fish are solely bottom feeders, as all the 
organisms found, including the amphipods and fish, were bottom forms. The 
powerful incisors and molars enable adult fish to remove and crush barnacles and 
bivalves from rock surfaces. 


SPAWNING AND SExuAL MArTurITy 


R. globiceps lays eggs which float and on hatching give rise to pelagic larvae 
(Gilchrist, 1904). Spawning probably takes place close inshore, for fertilized eggs 
have been pumped into the old St. James aquarium through the water inlet (Biden, 
1930). Little is known about the spawning season but Gilchrist states that an 
abundance of ripe males and females can be obtained from trawlers in November 
and December, and he performed successful fertilization experiments with the eggs 
and sperm of these fish. Biden mentions that very enlarged yellow ovaries can be 
obtained throughout the year from fish caught by the Kalk Bay line boats. 

In December 1950 it was decided not to restrict the records of R. globiceps to 
estuarine fish, and from this date until August 1951 the gonads of fish bought from 
Kalk Bay line boats were examined. Although gonads that were enlarged and 
yellow were found in December, January and February, the only fish that had fully 
ripe eggs (large, round, perfectly transparent, and with a central oil globule) were 
taken in August. From the few facts that are available, it would seem that there is 
an extended breeding season from August to about February. It is possible that the 
fish may breed throughout the year, but Biden’s observations are not definite enough 
to establish this. 
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Tasre VII 
Size groups Average egg diameters 
«© « « « 
240-259 . ‘ . 068 
320-339 0°50 


Average diameter of ova of R. gishicupe from the Klein River estuary and Kalk Bay, for different 
size groups. All measurements in millimetres. 

The eggs seem to go through three stages during their formation. They are at 
first transparent, closely packed, and of different shapes dependent on how they 
have been pressed by their neighbours. Later they become granular, yellow, and 
more rounded. Finally the egg ready for shedding has again become transparent 
and is rounded and soft, with one distinct oil globule in the centre. 

Gilchrist measured the eggs of one female, and found the variation of fifty eggs 
measured to be from 0-85 mm. to 0-89 mm. Ovaries from two females taken in 
August 1950 contained eggs that corresponded to Gilchrist’s descriptions, but the 
average diameter was 1-05 mm. 

Table VII gives the egg diameters of different size groups of R. globiceps taken 
from marine and estuarine fish. 

Females under 60 mm. had ovaries that were fine threads, and the egg diameter 
averaged about 0-04 mm. At about 220 mm. the egg diameter suddenly increases 
about ninefold. 

Gonad weights showed a sudden increase in weight at almost the same fish 
length. Fish of up to 180 mm. had a maximum gonad weight of 1-7 gms. At 200 mm. 
ovary weights were up to 8-0 gms., or about five times the weight. At 240 mm. some 
fish had tremendously enlarged ovaries, up to 41 gms. Females can therefore be 
considered to mature at 220-40 mm. in length. 

The condition of maturity of the male is more difficult to determine, but the 
first males to be described as ‘faintly milky’ were 275 mm. 

The ratio of males to females is difficult to determine among juvenile fish in 
the estuaries, for there is little visible difference between females with extremely 
undeveloped ovaries and immature males. However there are definitely more 
females. The ratio among the sea fish from Kalk Bay samples was 2:1 females to 
males. Biden (op. cit.) mentions that ratios of 10:1 and 20:1 females to males are 
common in large shoals of R. globiceps. 

In conclusion it can be said that R. globiceps mature at the beginning of their 
third year, at a length of just over 200 mm., with males maturing at a slightly larger 
size than females. 
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PARASITISM IN R. GLOBICEPS 


A trematode, some small nematode parasites, and an acanthocephalan were 
found in the alimentary tracts of estuarine R. globiceps. 

The trematode (unidentified) was a small parasite about 5 mm. long present 
in the intestine of R. globiceps that entered the Klein River estuary and Milnerton 
estuary in the spring of 1950. Percentage infection was at first high in fish from 
both estuaries, but rapidly decreased over a period of three months, after which it 
was rarely found. No parasitized fish seemed in poor condition. 

The acanthocephalan parasite, with a body about 5 mm. long and a proboscis 
of about 2 mm., was attached to the rectum just inside the anus. Usually two or three 
per fish were present, but as many as twelve were found. About 20 per cent of 
Klein River estuary fish were infected, and none found were in poor condition, 

No parasites were found in sea fish. 


CONCLUSION 


It is well known that estuarine faunas are derived mainly from marine forms, 
but include a few purely estuarine species, and a few fresh-water forms in the upper 
reaches of the estuary (Day, 1951). This has been shown specifically for fish faunas 
by Hardenberg (1931), Hartley (1940), and Irvine (1947), and was found to be the 
case in this survey. Day has divided estuarine faunas into five components; (a) the 
fresh-water component, restricted to waters of low salinity; (+) the stenohaline 
marine component at the mouth of the estuary; (c) the euryhaline marine com- 
ponent, being marine forms able to tolerate the estuarine conditions; (d) the estuarine 
component, comprising the few species restricted to estuaries, and (e) the migratory 
component whose members spend only part of their lives in estuaries. 

It is interesting to note that at least 80 per cent of the fish fauna of the Klein 
River estuary must be considered as falling under component (e), migratory animals 
not spending their whole lives in the estuary. The fish of this component must be 
further divided into two categories, those fishes present in the estuary only as 
juveniles, such as Rhabdosargus globiceps, Lithognathus lithognathus and Pomatomus 
saltator, and those fishes present both as juveniles and adults, but which leave the 
estuary for the purposes of spawning. 

Clinus superciliosus, Gobius nudiceps and Syngnathus acus seem to represent the 
euryhaline marine component, being marine fishes extending into the estuary and 
able both to live and to breed there. 

The truly estuarine component (d) is represented by Psammogobius knysnaensis 
and Gilchristella aestuarius, although the latter is also known from fresh water (Barnard, 
1947)- 

No fresh-water component was found in this survey, but Scott, Harrison, and 
Macnae (personal communication) found a small silurid in the upper reaches of the 
estuary. 

No stenohaline marine forms were found at the entrance of the estuary, or 
moving in and out with the tide, although nettings were made a hundred yards from 
the mouth. 
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It has been suggested that the Klein River estuary might be suitable for fish 
farming. It is quite possible that fertilization of the lagoon might produce more 
abundant growth of both animals and plants, and the growth rate of the fish fauna 
might be increased. Annual replenishment of fish stocks by young R. globiceps and 
possibly other species would obviate restocking by more laborious methods. 

It has been stressed by MacGinitie and MacGinitie (1949) that the basic food- 
stuff supporting estuarine faunas is detritus; both that derived from the green 
matter in the estuary and that brought down by the river system. In the Klein 
River estuary, R. globiceps and mullet Liza ramada form a considerable proportion 
of the fish fauna, and both these fishes are supported in the main by the green 
matter of the estuary, before it has been broken down to detritus. The latter feeds 
almost exclusively on attached diatoms, and the former has filamentous algae as 
one of its main foods, and the two food organisms next in importance (Assiminea sp. 
and chironomid larvae), are eaters of green matter, not detritus. The bulk of the 
estuarine fauna is undoubtedly directly or indirectly supported by detritus or the 
bacteria living on detritus, but in a weedy estuary of this type much of the fish 
population is more directly dependent on living plant matter. 

In spite of the prevalent opinion of South African anglers and commercial 
fishermen, few fish seem to breed in estuaries. Protection of estuarine fish stocks 
is possibly useful, not to protect breeding-grounds, but to protect nurseries of young 
marine fish. What proportion of young R. globiceps enter estuaries out of the whole 
young population of the species cannot be assessed from the present meagre 
knowledge of marine R. globiceps. 
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A PETROLOGICAL STUDY OF DOLERITE SILLS IN THE 
JAGERSFONTEIN DIAMOND MINE, ORANGE FREE STATE 


By J. F. 


Department of Geology, University of Cape Town 
(With one text-figure) 


Communicated by F. Walker 
(Read October 20, 1955) 


An 820-ft. multiple sill of Karroo dolerite has been studied micrometrically. The two members 
are roughly equal in thickness and each shows a concentration of pyroxene and olivine at a higher level 
than is usual in sills where crystal settling has been operative. The variation of plagioclase and micro- 
pegmatite is antipathetic to that of the ferro-magnesian constituents. 


INTRODUCTION 


A thick dolerite sill intrusive into Lower Beaufort sediments, dipping SSE. at 
2-5°, traverses the productive Kimberlite pipe of Jagersfontein, Orange Free State. 
Continuous exposures of dolerite are visible in the mine-shaft from 150 ft. to g7o ft. 
below the surface. But in the Open Pit dolerite is seen from 40 to 590 ft. below the 
surface and again from 780 to 1,180 ft., the two exposures being separated by 1go ft. 
of argillites. It is thought that the two sills of the Open Pit unite in the shaft to form 
a single multiple intrusion of 820 ft., and this is confirmed by the petrological evidence 
below. The sills seem to have been split by a persistent wedge of sediment and the 
higher sill transgresses upwards to form high ground north and north-west of Jagers- 
fontein township. Rectangular joint blocks of dolerite weather progressively through 
spheroidal stages to a deep red soil. Contact metamorphism is very slight. The 
unaltered normal rock is dark grey in colour and of medium grain-size. 

The sill was referred to briefly by Williams (1904), but seemed to deserve further 
study in view of its thickness and its continuous exposure. 
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CHARACTERS AND METHODS 


Throughout most of the Karroo basin the strata, and more especially those 
argillaceous sediments with relatively easy planes of parting, like the Lower Beaufort, 
have been riddled with dolerites which were intruded in Lower Jurassic times. 

The exposure of a sill in the Main Shaft of the Jagersfontein Mine has been 
studied in some detail because: 


(i) A complete vertical exposure from roof to floor is available. 
(ii) Little systematic work has been done on the Karroo dolerites of the Orange 
Free State. 
(iii) So thick a sill might be expected to show signs of differentiation. 


The only reference to the sill under discussion is in G. F. Williams’s book on 
The Diamond Mines of South Africa in which it is stated (p. 394) that the reef (i.e. the 
country rock) from the surface to about 20 ft. is shale, while underlying this is basalt, 
which extends down to the lowest point where the country rock has been exposed 
(which was then about 250 ft.). 

The upper and lower contacts of the dolerite in the shaft are at 150 ft. and 970 ft. 
below the surface level (4,610 ft.) respectively, representing a continuous exposure of 
820 ft. On the north side of the Open Pit there are exposures of dolerite from 40 to 
590 ft. below the surface, and again after a gap of some 190 ft. of argillite, from 780 
to 1,180 ft. This exposure would seem to be incompatible with that in the Main 
Shaft. But it will be shown later that in the Main Shaft there is a sharp mineralogical 
break, accompanied by a decrease in grain size at 575 ft. below the surface. The 
inference is that there are two sills of 430 and 3go ft. respectively exposed in the shaft. 
The lower sill was forced under a wedge of relatively resistant sediment, while the 
higher sill was forced to transgress upwards over this wedge. The upward transgres- 
sion of the later sill is largely in a westerly direction, with a slight northerly 
component. 

The thickness of the lower sill remains virtually unchanged from the Main Shaft 
to the north side of the Open Pit, whereas the upper sill is 120 ft. thicker as displayed 
in the Open Pit. This, however, may not be a true thickness and might represent a 
piling up of the dolerite near the wedge. 

The Lower Beaufort sediments normally dip at low angles (2°-5°) towards the 
SSE., and the upper sill continues to transgress, giving rise to quite high ground to 
the north and north-west of the town of Jagersfontein. The dolerite weathers to a 
deep red soil which is capable of supporting a more varied vegetation, including tall 
grasses, bushes and small trees, than the Lower Beaufort sediments. Though often 
resistant to erosion, it may weather spheroidally, breaking up into rectangular joint 
blocks, or may suffer extreme disintegration. 
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Sampling was carried out in April 1953, working from the top of a mine-cage. 
‘Two separate traverses (samples 1-47 and 48-93) were made in adjacent compart- 
ments of the shaft. The net result is that samples are available every 10 ft. throughout 
the exposure. 

The exposures sampled are everywhere at least forty years old and covered with 
slime, but the constant flow of water down the shaft has done little to affect the 
toughness of the dolerite. Joint planes are normally vertical, or nearly so. Sampling 
proved arduous, even using 4 lb. hammers and moines. 
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Additional samples (94-6) from the upper contact were obtained in a small 
spruit near the eastern margin of the Open Pit. 


MINERALOGY 
A. PLAGIOCLASE 


Plagioclase is normally the most abundant constituent in the sill, reaching a 
minimum in the chilled edges. The dimensions are seriate, averaging 0-8 mm. with 
a marked increase associated with concentrations of olivine. 

Carlsbad, albite and pericline twinning are very common, but Baveno twins are 
rare. Occasional crystals show resorption and repair. No significant variation in the 
mode of twinning was encountered at any level in the sill. 

The composition of the plagioclase was determined by Tsuboi’s method (1923, 
p- 108). Extinction angles were determined on sections showing albite and Carlsbad 
twins. 


B. CLINOPpYROXENES 


Augite occurs throughout the sill, but pigeonite bears an antipathetic relation- 
ship towards olivine and orthopyroxene. The maximum percentage occurs in the 
chilled zones and the minimum where olivine, hypersthene, or micropegmatite reach 
their maxima. 

Grain-size varies from 0-8 mm. to 3:0 mm. in the normal rock and the dimensions 
are more constant than those of the plagioclase. Thus, ophitic texture is best developed 
when the plagioclase laths are small. In all but transverse sections the grains are 
irregular in shape. 

Pigeonite tends to be columnar in habit and is of lighter colour than augite. 
Cleavage cracks are scantier, but cross-fractures well developed. Augite may occur 
mantling pigeonite, or vice versa. Basal striations may result through weathering, 
further alteration producing serpentine. 

The composition of the augite in the sill by Hess’s method (1949, p. 639) is given 
below: 


Tasie I 


Height above 
base in feet % Mg % Fe % Ca 


360 38 25 37 

380 34 36 30 

Upper member 4 185 4! 18 41 
| 95 43 16 4! 

[ 5 45 14 4! 

( 370 40 21 39 

315 44 15 41 

Lower member 240 41 18 4! 
| 150 45 14 4! 

45 153 42 


Composition of augite at different levels in the sill. 
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2V (y) varies between 50° and 42°, rising towards the base when it is more in 
accordance with the curves of Hess. 

The composition of the pigeonite lies in the field Mgg,~4¢Cag,— ,2Feg7~99 and 
2V (y) varies from 4° to 17°, increasing upwards. As with augite there is a sharp 
break in composition between the upper and lower members. 


C. ORTHOPYROXENE 


Orthopyroxene is found up to 15 per cent by volume in the lower portion of both 
members above the chilled phases. Grain-size is generally large, especially with 
concentrations of olivine, when it may average 2 mm. in poikilitic plates. It is 
pleochroic in shades of pale pink to green and shows the exsolved graphic inclusions 
of clinopyroxene characteristic of inverted magnesian pigeonite. Higher up in the 
lower member the grain-size decreases, and the graphic inclusions give place to 
uneven extinction (cryptographic unmixing?). The optical properties following the 
diagram of Poldervaart (1947, p. 167) are shown in Table IT. 


Taste II 

Height above 
base in feet Averagey Average2V % ofs. 
Upper member . . . 130 1-714 64° 34 
Lower member . . . 150 1*708 65° 32 
» 70 1-708 67° 29 


Optical properties and composition of orthopyroxene. 


D. OLIVINE 


Olivine is ubiquitous, génerally in small amount, but reaches concentrations of 
12-0 and 18-4 per cent by volume in the upper and lower members respectively. 
The grain-size is variable with an average of 0-25 mm. in the upper member and 
slightly more in the lower. Where volume is concentrated, it tends to form clusters of 
grains. Embayed oval sections elongated parallel to the c-axis are typical. 

Using the diagram of Wager and Deer (1939, p. 21), the composition falls in the 
range Fa,3~3 but in a dolerite pegmatite vein near the top of the upper member 
it is Fa,, with pale yellow colour. Zoning is very slight. 

Near the base of both members tabular inclusions of iron ore in the olivine were 
recorded (cf. Wager and Deer (loc. cit.)), and in the lower member their presence 
in minute size renders the mineral leaden-grey. 

Alteration is normally to brown iddingsite, light green bowlingite, talc, or, more 
rarely, to antigoritic serpentine. 


E. MICROPEGMATITE 


Micropegmatite occurs interstitially in varying amount through both members, 
except in the aphanitic chilled edges and in the olivine concentrations. The propor- 
tion increases upwards, showing a marked rise near the top of both members. The 
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finer varieties show radiating or plumose intergrowths, but in the coarser the quartz 
assumes geometric shapes. The alkali felspar is turbid, but the 2V is definitely 
below 50°. 


F. IRon Ore 

Iron ore occurs as primary titaniferous magnetite or ilmenite and as an alteration 
product of olivine. The former is generally of skeletal habit and there is sympathetic 
variation with micropegmatite (fig. 1). Brown biotite rims some of the ore as a 
reaction product and reaches 2 per cent by volume near the base of both sills. 


PETROLOGY 


A. EvipeNce FOR MULTIPLE INJECTION 


Figure 1 shows repeated concentrations of olivine and orthopyroxene in both the 
upper and lower halves of the dolerite column. This, together with sharp breaks in the 
composition curves of both plagioclase and clinopyroxene between 575 and 595 ft. 
below the surface, is taken as clear evidence for the presence of two contiguous sills 
in the shaft. 


B. PETROGRAPHIC CLASSIFICATION 


The Jagersfontein dolerites are typical medium-grained sub-ophitic dolerites of 
the Karroo suite. The pigeonite varieties are similar to the Blaauwkrantz type of 
Walker and Poldervaart (1949, pp. 615-18) but the hypersthene- and olivine-rich 
modifications do not agree precisely with any of the types described by these authors. 
The differentiation phenomena have resulted in a more diverse petrography than is 
usual in Karroo sills. 


C. Orper or CrysTALLizATION 

Though contact specimens are not available, a basaltic vein of similar composi- 
tion to normal dolerite and situated near the base of the lower member, contains 
large partly resorbed olivines, smaller plagioclase laths and a few augite crystals in 
an aphanitic matrix. 

Thus, all the minerals began to crystallize early—probably before emplacement, 
olivine being the first, followed by plagioclase and a little later by augite. The 
crystallization of olivine ceased at an early stage, but pyroxene and plagioclase 
separated during most of the crystallization range. Micropegmatite is of late crystal- 
lization, as are the accessory iron ore and apatite. Biotite, being a reaction product 
of iron ore, is still later. 


D. DiFFERENTIATION 

Though the lower member is slightly more basic than the upper, differentiation 
after emplacement is along similar lines in both injections, indicating similar physical 
conditions. Crystal fractionation is the main operative process, following the three 
established trends of basaltic magma. 
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/ 
Myg-olivine . Augite Ca-plagioclase 


\ 


\ 
My-orthopyroxene 
\ 


Mg-pigeonite Ca-Na-plagioclase 


Intermediate pigeonite Ferro-augite Na-Ca-plagioclase 


Thus, the Fe/Mg ratio increases with crystallization in both the continuous and 
discontinuous reaction series of the ferromagnesian minerals, the plagioclase showing 
a similar increase in the Na/Ca ratio. 

The modal variation in the two members indicates gravitational settling of early 
olivines plus later pyroxene, and an equivalent upward displacement of a quartzo- 
felspathic residuum. Nevertheless, the level of the olivine concentrations of both 
members is much higher than expected, especially in comparison with other intrusions 
where gravitational differentiation has definitely been operative (e.g. Walker, 1940). 

A possible explanation would be the injection of minor undifferentiated intru- 
sions below the olivine concentrations. These would be concealed beneath the slimy 
exposures of the shaft, but would account for the minor discontinuities in figure 1. 
The presence of later undifferentiated injections is proved by the occurrence of a 
vein near the base of the lower member and no other process seems competent to 
explain the modal variation in the intrusion. 

The presence of dolerite-pegmatite at a high level in the upper member is in 
accordance with other sills (Walker, 1953), the constituent minerals showing definite 
signs of iron enrichment. 


CONCLUSIONS 


The exposures in the shaft of the Jagersfontein diamond mine represent the 
junction of the two dolerite sills seen in the Open Pit. Both members show the same 
petrological characteristics, viz. gravitational settling of olivine-pyroxene combined 
with an upward migration of a quartzo-felspathic residuum. 

The relatively high position of the olivine concentration of both members may be 
due to the late injection of undifferentiated dolerite magma near the base. 
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MINUTES OF PROCEEDINGS, 1954 


COUNCIL FOR 1954 


President: S. H. Skaife, M.A., M.Sc., Ph.D., F.E.S. 


Hon. General Secretary: W. J. Talbot; Hon. Treasurer: N. Sapeika; Acting Hon. Editor of Transactions: 

A. M. Talbot; Hon. Librarian: E. Newbery; Other Members of Council: H. B. S. Cooke, W. J. Copen- 

hagen, J. H. Day, R. Elsdon-Dew, A. J. H. Goodwin, S. H. Haughton, W.E. Isaac, B. J. Schonland, 
R. H. Stoy. 


REPORT OF THE HON. GENERAL SECRETARY FOR 1954 


The Anniversary Meeting, the Annual Meeting, and eight Ordinary Meetings were held during 
the year at The Athenaeum, 154 Camp Ground Road, Newlands. 


The following papers were communicated: 
. ‘Caste differentiation among termites’, by S. H. Skaife. March 17. 
. ‘The human tongue pattern’, by B. T. Squires. April 21. 
. ‘Note on an artefact recovered with the Boskop Calvaria’, by C. van Riet Lowe. October 20. 
. ‘A petrological study of dolerite sills in the Jagersfontein Diamond Mine, Orange Free State’, by 
J. P. Truswell. Communicated by F. Walker. October 20. 
. ‘Some geographical features of the family Polygalaceae in Southern Africa’, by M. R. Levyns. 
October 20. 
. ‘Notes on the biology of the white stumpnose, Rhabdosargus globiceps, and of the fish fauna of the 
Klein River Estuary’, by F. H. Talbot. November 17. 
Seven lectures were delivered before the Society: 
. ‘The sacred city of If€, Western Nigeria’, by A. J. H. Goodwin. April 21. 
. ‘Some planetary problems’, by D. S. Evans. May 19. 
. ‘Routes of bio-synthesis’, by F. G. Holliman. June 16. 
. ‘Biochemical research in relation to problems of growth and cancer’, by Sir Charles Dodds. 
August 18. 
. ‘Some aspects of the biochemistry of growth in animals’, by F. G. Young. September 16. 
. ‘Radio astronomy’, by R. H. Stoy. October 20. 
. ‘Mountain building’, by A. L. Hales. November 17. 
At the Annual Meeting in October the following were elected to Fellowship of the Society: 
Sir John R. Ellerman (proposed by Council under Chapter III, para. 8, of the Statutes) in recog- 


nition of his work on the taxonomy of African mammals. 
Sydney Frank Bush in recognition of entomological and zoological research in Tanganyika and 


Natal. 

Philip Graham Gane in recognition of seismological research in Southern Africa and especially 
in the southern Transvaal. 

Douglas Hey in recognition of research in the biology of inland waters and its practical application 
to the development of inland fisheries in Southern Africa. 

Monica Wilson in recognition of research in social anthropology in Northern Rhodesia, Tangan- 
yika, and the Transkeian Territories. 

The deaths of Lt.-Col. J. H. Dobson, D.S.O., Canon W. G. Sharples, and W. S. Webber are 
recorded with deep regret. 

At the end of 1954 the number of Fellows was 95 and there were 194 members, including 23 new 
members elected during the year. 

The total number of institutions on the Society’s mailing list at the end of 1954 was 267 (including 
copyright libraries, exchanges, annual subscribers and standing orders). 

The Council wish to express the thanks of the Society to the Secretary for Education, Arts and 
Science for a grant of £400 for the year 1953-4 and to the Council for Scientific and Industrial 
Research, the Director, Wild Life Conservation, Pietermaritzburg, and the Fourcade Fund (University 
of Cape Town), for contributions towards the costs of publication of papers in the Transactions of the 
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Society. The Council also wish to express cordial thanks to all members and Fellows who responded 
to a renewed appeal for voluntary contributions towards the Society’s funds which have been so 
seriously taxed by the steep rise in the costs of publication of the Transactions in recent years. 

The Society was represented at the International Botanical Congress in Paris in July by Professor 
R. S. Adamson and Dr. R. A. Dyer, and at the meeting of the British Association at Oxford in September 


by Professor R. S. Adamson. 


From the Society’s library 247 periodicals and 42 books were issued during the year. 
The Council gratefully acknowledge the receipt of a number of books and periodicals from various 


donors. 


W. J. Tatsor, Hon. General Secretary. 


INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR JANUARY 1 TO 
DECEMBER 31, 1954 


EXPENDITURE 


To Petty Cash (Clerical Assistant) 
Clerical Assistance 
Petty Cash and d Secre- 

tary) 

Stationery 
Printin 
Hire of Hall, La Rochelle 
Library rent and insurance, 


1954. 
Transvaal Museum ‘Publica- 
tions 
Neill & Co. 
Rustica Press: printing and 
distribution of Transactions 
(Vol. 34, pt. 1) .. 1,090 0 
Less provision, 1953. 1,060 0 


Provision for printing of Trans- 
actions (Vol. 34, pt. 

Parry, Leon (ship- 
ping charge 

President: of visiting 
lecturers 

— as per contra capital- 


Less transfer to Life Fund . 
Bank charges .. 
Transfer to Reserve for publi- 


cations and binding 
Unappropriated income 


£1,950 


= 
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INCOME 
By Subscriptions — 1955... 
” — 1954.. 
” — 1953.. 
” — 1952.. 


Life Fellowship Donations, 1954 

Entrance Fees . 

Sale of publications and reprints 
Transactions of the Society. . a 4 
Trans. S.A. Philos. Soc. 

Broom Commemorative 
Volume 
Reprints 


Grants: 
for Education 


Director, Wild Life Conser- 
vatio 
Town (Fourcade 
Fund) 


Interest accrued: 

Post Office Savings Bank 
Cape of Good Hope S.B. 
Standard Bank S.B. .. 
Marloth Memorial Fund: 

(a) Rand Prov. Bldg. Soc. 


Int. F/D. .. 

(b) United Bldg. Soc. Int. 

President’s Fund: Interest |. 

Contributions to General Fund 
(Special Appeal) 


Marloth Fund (2 papers, New- 
bery; | paper, Pocock) : 


L 
cat £ sd. 
6 0 290 5 10 
19 0 6 
26 4 eee 
22 19 3340 
3 0 20 0 
0 
1 18 
14121 2 
3 
0 .. 400 0 0 
521 8 0 
350 17 2 80 0 0 
7 42 5 2 
37 
89 13 38 16 4 
411 411 
839 
412 0 
oe 1,200 0 0 
237 412 3 
438 
89 13 9 
164 8 4 
is 0 0 
£1,950 9 4 
Wis 


LIABILITIES AND ASSETS 


AT DECEMBER 31, 1954 


LIABILITIES s. d. 
Marloth Memorial 

Fund: 
a/c as at 

Interest 1954 


284 5 3 
Is 0 


Less contribution to publications 


Life Fund Donations a/c: 
Capital a/c as at 31.12.53 1,163 
Amount deposited (withdrawal 

from Standard Bank S.B.) . 9 
Accrued int. Cape of G a 


Hope 
haapiad int. P.O. Savings Bank 
1954 .. 


President's Fund .. 
Accrued interest (total) 


blications .. 
inding 


Reserve for 
Reserve for . 1,200 
Provision for printing Transactions 
(Vol. 34, pt. 2) 
Reserve for publication of Index to 
Transactions (Cc, S.LR. grant). . 
Capital account 
alance at 31.12.53 15 14 1 
Accrued int. Post 


Add unappropriated income 


Less transfer to Life Fund 
107 


£4,456 


ASSETS 


Post Office Savings Bank: 
On current savings account . 
Cape of Good Hope Savings Bank: 
/c No. 86509 (General Fund) 
A/c No. 79467 (Life Fund) .. 
Marloth Memorial Fund: 
Rand Prov. Bidg. Soc. F/ ‘ 
United Building Soc. F/D. 


President's Fund: 
United Building Soc. 4 
United Building Soc. 


Balance at Bank 31. 
Cash on hand 


119 17 0 
104 18 3 


. 104 0 «0 
438 


Note:—The above-mentioned Assets do not include the 
value of the Library and Publications of the 
Society held in stock. 


£4,456 1 9 


We hereby certify that we have examined the accounts of revenue and ex 
r documents related 


have compared t with the books, vouchers, and othe 
set forth a correct description of the affairs of the Society. 


W. SCHAFFER 
SEARS 


iture and of assets and liabilities, that we 
, and that in our opinion these accounts 


Hon. Auditors. N. Saperka, Hon. Treasurer. 
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OBITUARIES 


WILLIAM PUGH 


The news of the sudden death of Professor Pugh in Eire on March 12, 1955, 
while on study leave, came as a great shock to his many friends and colleagues. 

William Pugh was born in South Wales in 1897 and educated at Llanelly 
Secondary School. After active service in France and Flanders in the First World 
War, he studied at King’s College, London, from which he graduated with First 
Class Honours in Chemistry in 1g21. He was elected an Associate of the Royal 
Institute of Chemistry in the same year. The following year he was appointed 
Lecturer in Inorganic Chemistry at the University of Cape Town. Here he at once 
began work on the chemistry of the rare metals germanium and gallium in collabo- 
ration with Professor Smeath Thomas in the cramped and inadequate quarters of 
the old laboratories at the top of Govermnent Avenue. This was rendered possible 
by the Chemistry Department acquiring comparatively large quantities of a rare 
mineral, germanite, recently discovered in South West Africa. For this work he 
was awarded the Ph.D. degree of the University of Cape Town in 1924. He carried 
on energetically with this research and by 1930, when the Department moved into 
the greatly improved accommodation in the present buildings at Groote Schuur, he 
had published eight papers on germanium in the Journal of the Chemical Society. 

His appreciation of the new facilities at Groote Schuur was evident from the 
fact that from this date until he was appointed Professor in 1938 he published ten 
papers: one on germanium, five on gallium, and four on analytical subjects. For 
this work he was elected a Fellow of the Royal Institute of Chemistry in 1931 and 
was awarded the degree of D.Sc. of London University in 1939. In 1934 he was 
elected a Fellow of the Royal Society of South Africa and served on the Council 
1950-2. 

In 1924, he married a Capetonian, Miss B. Armour. Their married life was a 
very happy one, and blessed by two sons and two daughters; it was therefore a very 
heavy blow to him when his wife died in January, 1938, shortly before he was 
promoted to the Chair of Inorganic Chemistry. This, seemingly having taken the 
heart out of his zest for research, together with pressure of administrative duties in 
his new post and difficulties due to the war, accounts for the fact that until 1950 
only four papers bear his name and only one of these his name alone. In 1945, he 
married the sister of his late wife, Miss M. Armour, who had mothered his children 
since the death of his first wife. From that time his interest in research revived. He 
returned from his study leave overseas in 1949 full of enthusiasm and new ideas 
which he communicated to other members of the Chemistry Department. In the 
three years 1952-4 no less than twelve papers appeared bearing his name, all on 
hydrazine and its compounds, inorganic and organic. 

In addition to his notable contributions to the chemistry of germanium, gallium, 
and hydrazine, he was responsible for valuable improvements in the determination 
of chlorides, bromides, and iron by the introduction of mercurous perchlorate as a 
volumetric reagent. Immediately prior to his death he was working at Cambridge 


on the separation of rare elements. 
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The University of Cape Town recognized the value of his work by electing him 
a Fellow of the University in 1954, an honour reserved for those who have rendered 
outstanding service to the University. In addition to his teaching and research, he 
always participated actively in University affairs. During the Second World War 
he was a captain in the Engineering contingent of the A.C.F. attached to the 
University; from 195! to 1954 he was Dean of the Faculty of Science. 

Due largely to his own cheerful and pleasant nature, a very happy spirit of 
co-operation prevailed throughout his Department; he was always ready to see the 
other man’s point of view and to help smooth out difficulties and differences with 
sweet reasonableness. During his tenure of the Chair, the Chemistry Department 
became a hive of activity with a remarkable variety of investigations proceeding 
simultaneously. He also did much to encourage co-operation between the University 
and Industry. Students who have passed through his hands during the thirty-three 
years of his association with the Department of Chemistry are to be found in almost 
every South African industry and his indirect influence is thus widely felt. He was 
a member of the Board of the Fishing Industries Research Institute and an active 
member of several local societies. 

Professor Pugh is survived by his wife and four children. He will be sadly 
missed by students and staff in the University and by a wide circle of friends to 
whom he had endeared himself by his generous hospitality and kindly nature. 


E. N. 


HUMPHREY RIVAZ RAIKES 


Humphrey Rivaz Raikes was born in Kent in England in 1891. The son of a 
country clergyman, he was educated at Tonbridge School and Dulwich College 
before he went up to Oxford in 1910. He completed the Final Honour School of 
Natural Science in Chemistry in Class I from Balliol in 1914 and was admitted to 
the M.A. degree in 1919. 

Between 1914 and 1919 he was on active service first with the Buffs and later 
with the Royal Flying Corps where he attained the rank of Wing Commander and 
was awarded the Air Force Cross. After the war, he was elected a Fellow of Exeter 
College and from 1920 to 1927 he was a Demonstrator in Physical Chemistry in the 
Balliol and Trinity College laboratories. In the following year, he came to South 
Africa to take up his appointment as Principal of the University of the Witwaters- 
rand: a post which he filled with distinction for over a quarter of a century. From 
1948 to 1954, the year of his retirement, he also held office as Vice-Chancellor of 
the University. 

The manner in which he identified himself with the University, the country, its 
people and its many-faceted’ problems was quite exceptional and outstanding. He 
was always proud of an early family link with the Union and enjoyed recalling how 
his maternal grandfather had visited South Africa in 1844 and hunted and explored 
as far north as the Zambezi. 

The University grew enormously during his term of office and so indeed did 
its problems. Some idea of its growth may be gained from the fact that students 
increased in numbers from under 1,500 when he took over in 1928 to nearly treble 
that number when, owing to ill-health, he retired in 1954. During this same period 
its gross budget grew from £165,000 to well over £800,000. In spite of this growth, 
however, and in spite of the severe set-back after the disastrous fire of 1931 and the 
administrative and other difficulties that arose when nearly 3,000 ex-servicemen 
were enrolled after the Second World War, Raikes remained firmly and most 
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effectively at the helm. He guided the University through many difficult waters; 
his efforts to improve conditions were unceasing and his personal concern for both 
members of staff and students was proverbial: indeed an ever-present source of 
inspiration to all who came into contact with him. In peace and war, when he 
commanded the Rand University Training Corps, he never spared himself in his 
efforts to ensure that both staff and students played their rightful part. 

He was also active outside the University. In 1932 he was elected President 
of the South African Chemical Institute and in 1947 President of the Associated 
Scientific and Technical Societies of South Africa. He served as a member of the 
Board of the Johannesburg General Hospital for many years and was also an active 
member of the Boards of the Bernard Price Institute for Geophysical Research and 
the Bernard Price Institute for Palaeontological Research; and in many other ways 
he did a great deal for the advancement of science and higher education in the land 
of his adoption. 

But above all Raikes was a very human being. His never-failing willingness to 
help all who needed it was proverbial. No matter how simple or complicated a 
problem may have been, and no matter how personal, he always gave it his imme- 
diate and serious attention. Because of his humanism, Raikes was more than the 
Head of the University: he was a personal friend. The welfare and comfort of 
staff and students were his constant concern and many believe that the ill-health 
that forced him to retire last year, ill-health that led to his untimely death on 
April 13, 1955, was brought about by his selfless and enormous expenditure of 
energy both within and beyond the walls of the University. 

His contributions to the world of learning and his services to education in 
South Africa were recognized by the conferment of honorary degrees on him by 
the Universities of Bristol, Cambridge, Cape Town, Toronto and, after his retire- 
ment, the University of the Witwatersrand. He was elected a Fellow of the Royal 
Society of South Africa in 1942 and will be remembered by all who made contact 


with him down the years not only as an able administrator, scientist, scholar and 
soldier, but as a very understanding and very gentle man. 
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